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Description 

Cross-Reference to Related Applications 

5 [0001] The present application is a Continuation-ln-Part Application of Application U.S Serial No. 08/235,293. filed 
April 29, 1994. 

Technical Field 

10 [0002] This invention relates to compounds that inhibit the binding of E-selectin. P-selectin or L-selectin to sialyl- 
Lewis" and sialyl-Lewis^ and to methods of inhibiting the binding of E-selectln. P-selectin or L-selectin to sialyl-Lewis" 
orsialyl-Lewis^ using said compounds. This invention also relates to pharmaceutically active compositions comprising 
compounds that inhibit the binding of E, P or L-selecUn to sialyl-Lewisi* or sialyl-Lewisa. 

15 Background of the Invention 



[0003] E-selectin, which has also been called ELAM-1 for endothelial leukocyte adhesion molecule-1 and LECAM- 
2 for lectin cell adhesion molecule, is a glycoprotein that is found on the surface of endothelial cells, the cells that line 
the interior wall of capillaries. E-selectin recognizes and binds to the cariiohydrate sialyl-Lewls" (sLe*). which is present 

20 on the surface of certain white blood cells. E-selectin helps white blood cells recognize and adhere to the capillary wall 
in areas where the tissue surrounding the capillary has been infected or damaged. E-selectln is actually one of three 
selectins now known. The other two are L-selecUn and P-selectin. P-selectIn is expressed on inflamed endothelium 
and platelets, and has much stmctural similarity to E-selectin and can also recognize slalyl-Lewls'^. L-selectin is ex- 
pressed on leukocytes and also has much stnicture similarity to P- and E-selectins. The stmcture of sialyl-Lewis»< and 

25 sialyt-Lewis« (sLe^) are shown in formulas la and 1^ below: 

35 jsr *^ 

NeoSAcaZ-aCalpt-tClcNAc — ■ 
Fuecxt'3 



45 



SO 



2 
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NeuSAca2>3Gatpi-3GlcNAc — 
I 

Fucal-4 



[0004] When a tissue has been invaded by a microorganism or has been damaged, white blood cells, also called 
leukocytes, play a major role in the inflammatory response. One of the most important aspects of the inflammatory 
response involves the cell adhesion event. Generally, white blood cells are found circulating through the bloodstream. 
However, when a tissue is infected or becomes damaged, the white blood cells must be able to recognize the invaded 
or damaged tissue and be able to bind to the wall of the capillary near the affected tissue and diffuse through the 
capillary into the affected tissue. E-selectin helps two particular types of white blood cells recognize the affected sites 
and bind to the capillary wall so that these white blood cells may diffuse into the affected, tissue. 
[0005] There are three main types of white blood cells: granulocytes, monocytes and lymphocytes. Of these cate- 
gories, E-selectin recognizes sLe" presented as a glycoprotein or glycolipid on the surface of monocytes and neu- 
trophils. Neutrophils are a sutxdass of granulocytes that phagocytose and destroy small organisms, especially bacteria. 
Monocytes, after leaving the bloodstream through the wall of a capillary, mature into macrophages that phagocytose 
and digest invading microorganisms, foreign bodies and senescent cells. 

[0006] Monocytes and neutrophils are able to recognize the site where tissue has been damaged by binding to E- 
selectin, which is produced on the surtece of the endothelial cells lining capillaries when the tissue surrounding a 
capillary has been infected or damaged. Typically, the production of E-selectins and P-selectins is increased when the 
tissue adjacent a capillary is affected. P-selectin is present constitutively in storage granules from which it can be 
rapidly mobilized to the cell surface after the endothelium has been activated. In contrast, E-selectin requires de novo 
RNA and protein synthesis, and peak expression does not occur until about 4-6 hours after activation, and declines to 
basal levels after about 24-48 hours. White blood cells recognize affected areas because sLe* moieties present on 
the surfece of the white blood cells bind to E-selectin and P-selectin. This binding slows the flow of white blood cells 
through the bloodstream, since it mediates the rolling of leukocytes along the activated endothelium prior to integrin 
mediated attachment and migration, and helps to localize white blood cells in areas of injury or infection. 
[0007] While white blood cell migration to the site of injury helps fight infection and destroy foreign material, in many 
instances this migration can get out of control, vwth white blood cells flooding'to the scene, causing widespread tissue 
damage. Compounds capable of blocking this process, therefore, may be beneficial as therapeutic agents. Thus, it 
would be useful to develop inhibitors that would prevent the binding of white blood cells to E-selectln or P-selectin. For 
example, some of the diseases that might be treated by the inhibition of selectin binding to sLe* Include, but are not 
limited to, ARDS, Crohn's disease, septic shock, traumatic shock, multi-organ failure, autoimmune diseases, asthma, 
inflammatory bowel disease, psoriasis, rheumatoid arthritis and reperfusion injury that occurs following heart attacks! 
strokes and organ transplants. In addition to being found on some white blood cells, sLe", a closely related regiochem- 
ical Isomer of sLe^. is found on various cancer cells, including lung and colon cancer cells. It has been suggested that 
cell adhesion involving sLe^ may be involved in the metastasis of certain cancers. 

Summary of the Invention 



[0008] The present invention provides compounds having the structure of formula II below: 
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II 



wherein X is selected from the group consisting -(CHjjnCHa of -CN. -(CH2)nC02H. -0(CH2)mC02H, -(CH2)nCOZ. 
-(CH2)n2. -CHC02H(CH2)mC02H. -(CH2)nO(CH2)mC02H, -CONH(CH2)„C02H, -CH(0Z)(C02H), -CH(Z)(C02H). 
-{CH2)nS03H. (CHjjnPOgDiDa. -NH(CH2)mC02H, -C0NH(CHRe)C02H. (1-H-tetfazolyl-5-alkyl-). and -OH; 
[0009] Ri and R2 are independently selected from ttie group consisting of hydrogen, atkyi, halogen, -OZ, -NO2, 
-{CH2)nC02H. -NH2 and -NHZ; 

[001 0] R3 is selected from the group consisting of hydrogen, halogen, alkyi, -OZ and -NHZ; 
[001 1] R4 is selected from the group consisting of hydrogen, halogen, alkyI, hydroxyl. hydroxyl-O-sulfete and -OZ; 
[0012] R5 is selected from the group consisting of hydroxyl, -CN, -N3, -NHj, -NHNHj, -NE^E2, -NHE^, -NHCO 
(CH2)nC02H, -S(CH2)niC02H and -NHCHNHNH2: and 

[001 3] Re is selected from the group consisting of hydrogen, alkyI, aralkyl, hydroxyalkyl, aminoalkyi, alkyI carboxylic 
acid and alkyI cartioxamide: 

wherein n is 0 to 6, m is 1 to 6, p is 0 to 6, b is 0 to 2, Z is alkyI, aryt or aralkyl, and O2 are independently 
hydrogen or alkyI, is alkyI or -<CH2)aC02H wherein a is 1 to 18, and E2 is alkyI, and the pharmaceutically acceptable 
salts, esters, amides and prodrugs thereof. 

[0014] More particularly, this invention provides compounds of the formula III: 
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or -C(^hSh^)q'^' -<C"2)nO(CH2)„Q. -CONH{CH2)„Q. -NHCCH^UQ. -0(CH2)„0(CH2),Q. 

[001 5] and R2 are independently selected fhom the group consisting of hydrogen and -<CH2)„Q; 
[0016] R4 is hydroxyl or hydrogen; Rg is selected from the group consisting of hydrogen, alkyl. aralkyl. hydroxyalkyi 
aminoalkyi, alkyl caitooxylate, and alkyl carboxamide; Q is -CO2H. n is 0 to 6. and m is 1 to 6. and the pharmaceutically 
acceptable salts, esters, amides and prodrugs thereof. 

[0017] In a further embodiment, the present invention is directed to compounds of the formula IV; 



(CHi)pRs 
OH 



wherein W is hydrogen, alkyl or a-D-mannosyl and Y is selected ftwn H/H. oxygen. H/hydroxyl, H/NHg H/NHE. H/ 
NE1E2. NH, NE„ oxime and O-alkyI oxime. and the pharmaceutically acceptable salts, esters, amides and prodrijqs 
thereof. 

[0018] The present invention also provides a method of inhibiting the binding of E-selectin or P-selectin to sLe« or 
sLea compnsmg the step of administering to a patient an effective amount of a compound having the structure of 
formulae II. Ill or IV to inhibit the binding of E-, P-or L-selectin to sLe«orsLea. and a pharmaceutically active composition 
comprising a compound of formula II, III or IV and a pharmaceutically acceptable carrier. 
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[0019] Also provided is a method for treating diseases such as ARDS, Crohn's disease, septic shock, traumatic 
shock, multi-oigan failure, autoimmune diseases, asthma, inflammatory txiwei disease, psoriasis, rheumatoid arthritis, 
reperfuslon injury that occurs following and heart attacks, strokes and organ transplants, which comprises administering 
to an animal in need of such treatment a therapeutically effective amount of a compound having the fomnulae II, III or 
5 IV to reduce the symptoms of the disease. 

Detailed Description of the Preferred Embodiments 

[0020] It has been found that compounds of fomiulae II. Ill and IV act to inhibit E-, P- or L-selectin binding to sLe» 
to or sLe^. 

[0021] The compounds of formula II comprise two major components: a mannopyranoside derived moiety (a carbo- 
hydrate) and a biphenyl moiety. With respect to the mannopyranoside moiety, O-mannopyranosldes are preferred over 
L-mannopyranosides, and the absolute stereochemistry shown in formula II at the C3 and C4 positions of the mannose 
sugar is preferred. 

15 However, epimeric stereochemistry is permitted at the position of the carbohydrate moiety (using glucopyranosides). 
The carbohydrate moiety will herein be called a mannopyranoside for the sake of simplicity. Also, the a-anomer is 
preferred over the p-anomer. 

[0022] The mannopyranoside moiety is attached to the biphenyl moiety via an -O-CCHaV bridge where b is 0 to 2. 
Preferably, the mannojiyranoside is attached to the ortho or meta positions on the phenyl ring. 

20 [0023] In addition, the mannopyranoside moiety may be substituted. Particulariy preferred are mannopyranosides 
having substituents at the Cj and Cg positions. For example, the mannose 6-position may be substituted with groups 
such as hydroxy!. -CN. -U^. -NHg. -NHNHj. NE^Ej. -NHE,. -NHCO(CH2)„C02H. -S(CH2)n,C02H or -NHCHNHNHg 
wherein n is 0 to 6, m is 1 to 6. E^ is alky! or -(CH2)8C02H and Eg is alkyl. Similariy, the C2 position may be substituted 
with hydrogen, halogen, alkyl. hydroxyl. 

25 hydroxyl-O-sulfate or alkoxy. It is preferred, however, that the alkyl group is a lower alkyl group. It is also recognized 
that the mannopyranoside moiety may have substituents at either the C2 or Cg positions or both. 
[0024] The second component of the compounds of the present invention comprises a biphenyl moiety. Tbe biphenyl 
moiety may be substituted at both phenyl groups or may be substituted at only one phenyl group. Moreover, each 
phenyl group may have more than one sut>stituent. 

30 [0025] The phenyl group that is not directly attached to the mannose moiety is substituted. Preferably, this phenyl 
group is substituted at the 3 or 4 position (meta or para) with at least one of the group consisting of -(CH2)nCH3, -CN. 
-(CH2)nC02H, -0(CHz)„C02H. -(CH2)„0(CH2)„,C02H, -(CCH2)nCOZ, -(CH2)nZ. -CHC02H(CH2)mC02H. -CONH 
(CH2)n,C02H. -CH(0Z)(C02H). -CH(Z)(C02H). -(CH2)nS03H, -(CH2)„P03DiD2. -NH(CH2)n,C02H, -CONHCCHFSe) 
CO2H, (1-H-tetrazolyl-5-alkyl-) and -OH wherein n is 0 to 6, m is 1 to 6. Z is alkyl or aryl, D, and are independently 

35 hydrogen or alkyl, Rg is selected from the group consisting of hydrogen, alkyl, aralkyi, hydroxyalkyi, aminoalkyl. alkyl 
carboxylic acid and alkyl carboxamide. 

[0026] If the phenyl group not directly attached to the mannopyranoside moiety is substituted with more than one 
substituent, then one substituent is typically located at the 3 or 4 position and is preferably selected from the group 
consisting of -(CHz^CHg. -CN, -(CH2)„C02H. -0(CH2)„C02H. -(CH2)nO(CH2)n,C02H, -(CH2)„COZ. -<CCH2)nZ. 

40 -CHC02H(CH2)„C02H, -C0NH(CH2)mCO2H, -CH(OZ) (CO2H), -CH(Z) (CO2H), - (CHz)„S03H. -(CH2)nP03DiD2. -NH 
(CH2)mC02H, -C0NH(CHRg)C02H, and (l-H-tetrazolyl-5-alkyl-) wherein n is O to 6, m is 1 to 6, Z is alkyl or aryl, Rg 
is selected from the group consisting of hydrogen, alkyl, aralkyi, hydroxyalkyi, aminoalkyl, alkyl carboxylic acid and 
alkyl cart)oxamide. and and D2 are independently hydrogen or alkyl. Any other sut>stituents are typically selected 
independently from the group consisting of hydrogen, halogen, alkyl, NO2, CO2H and OH. 

IS [0027] It may also be desirable to have substitution on the phenyl ring directly attached to the mannopyranoside 
moiety. Substituents are preferably selected fl-om the group consisting of hydrogen, halogen, alkyl, alkoxy, and alkylami- 
no. 

P)028] The most preferred compounds of the present invention have the formula III. 

[0029] As used herein, the term "alkyl" shall mean a monovalent straight chain or branched chain group of 1 to 12 
so carijon atoms including, but not limited to, methyl, ethyl, n-propyl, isopropyl. n-butyl, sec-butyl, isobutyl. tert-butyl and 
the like. 

[0030] The term "lower alkyl" shall mean any alkyl group having from one to six carbon atoms. 

[0031] The term "halogen" shall mean any atom selected from the group consisting of chlorine, fluorine, bromine. 

and iodine. 

55 [0032] The temi 'alkoxy" shall mean an alkyl group attached to a molecule through an oxygen atom including, but 
not limited to, methoxy. ethoxy. isopropoxy. n-butoxy, sec-butoxy, isobutoxy, tert-butoxy and the like. 
[0033] The term "alkylamino" shall mean groups having the stmcture -NH-(alkyl), or -N-(alkyt)2, including, for exam- 
ple, methylamino. ethylamino, isopropylamino and the like. 
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[0034] The term "aryl" shall mean unsubstituted or substituted carbocycllc aromatic groups including, but not limited 
to. phenyl, biphenyl. 1 or 2-naphthyl. fluorenyl. (1.2)-dihydronaphthyl, indenyl. indanyl. thienyl and the like Substituents 
include other aryl groups or other substituents such as alkyl. aikoxy. alkyi carboxylic acid or mannose groups 
[0035] The term "aralkyl" (also called arylalkyi) shall mean a substituted or unsubstituted aryl group appended to an 
alkyl group including, but not limited to. benzyl. 1 and 2-naphthylmethyl. halobenzyl, alkoxybenyl, hydroxybenzyl ami- 
nobenzyt. nitrobenzyl. guanidinobenzyl. fluorenylmethyl, phenylmethyl(benzyl). 1-phenylethyl. 2-phenvlethvI l-i^aoh- 
thylethyl and the like. / » . 

[0036] The tenn "hydroxyalkyl" shall mean -OH appended to an alkyl group. 

[0037] The term "aminoalkyi" shall mean a group having the structure -NR^R^ appended to an alkyl group. The groups 
Rk and Ry are independently selected from hydrogen, alkyl and aryl. 

[0038] The temi "alkyl carboxylic acid shall mean a carboxyl group (-CO2H) appended to an alkyl group. 

[0039] The temi "alkyl carboxamide" shall mean a group having the formula -CONR^R^ appended to an alkyl group 

where R,; and Ry are as defined above under aminoalkyi. 

[0040] The temi "phamiaceutically acceptable salts, esters, amides and prodrugs" as used herein refers to those 
carboxylate salts, amino add addition salts, esters, amides and prodrugs of the compounds of the present invention 
which are. within the scope of sound medical judgement, suitable for use in contact with the tissues of patients without 
undue toxicity, irritation , allergic response, and the like, commensurate with a reasonable benefit/risk ratio, and effective 
for their intended use, as well as the zwitterionic forms, where possible, of the compounds of the invention. The term 
"salts" refers to the relatively non-toxic, inorganic and organic acid addition salts of the compounds of the present 
invention. These salts can be prepared in situ during the final isolation and purification of the compounds or by sepa- 
rately reacting the purified compound in its free base form with a suitable organic or inorganic acid and isolating the 
salt thus fomied. Representative salts include the hydrobromide. hydrochloride, sulfate, bisulfate, nitrate, acetate 
oxalate, valerate, oleate, palmitate, stearate, laurate. borate, benzoate. lactate, phosphate, tosylate, citrate, maleate 
tumarate. succinate, tartrate, naphthylate. mesylate, gluooheptonate. lactiobionate. laurylsulphonate salts and the like! 
These may include cations based on the alkali and alkaline earth metals, such as sodium, lithium, potassium, calcium, 
magnesium and the like, as well as nontoxic ammonium, quaternary ammonium and amine Gations including, but not 
limited to. ammonium, tetramethylammonium, tetraethylammonium. methylamine. dimethylamine, trimethylamine tri- 
ethylamine. ethylamine. and the like. (See, for example S. M. Berge, et al., "Pharmaceutical Salts." J. Pharm. Sol.. 
66: 1-19 (1977), which is incorporated herein by reference.) 

[0041] Examples of pharmaceutically acceptable, non-toxic esters of the compounds of this inventfan include C, to 
Cg alkyl esters wherein the alkyl group is a straight or branched chain. Acceptable esters also include C5 to C7 cycloalkyi 
esters as well arylalkyi esters such as. but not limited to benzyl. C, to C4 alkyl esters are prefefied. Estera of the 
compounds of the present invention may be prepared according to conventional methods. 

[0042] Examples of pharmaceutically acceptable, non-toxic amides of compounds of this invention Include amides 
denved from ammonia, primary Ci to alkyl amines and secondary Ci to Cg dialkyi amines wherein the alkyl groups 
are straight or branched chain. In the case of secondary amines the amine may also be in the from of a 5 or 6 membered 
heterocycle containing one nitrogen atom. Amides derived from ammonia, C, to C3 alkyl primary amides and d to C, 
dialkyt secondary amides are prefen-ed. Amides of the compounds of the invention may be prepared accortlinq to 
conventional methods. 

[0043] The term "prodrug" refers to compounds that are rapidly transfomied in vivo to yield to the parent compound 
of the above fbmnula. for example by hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V Stella 
"Pro-drogs as Novel Delivery Systems". Vol 14 of the A.C.S. Symposium Series, and in Biomversible Carriers in Drug 
Design, ed. Edward B. Roche, American Phamiaceutical Association and Pergamon Press. 1987. both of which are 
incorporated herein by reference. 

[0044] The present invention also provides for pharmaceutically acfaVe compositions that contain the compounds of 
the present invention. It is also contemplated that pharmaceutically active compositions may contain a compound of 
the present invention and other compounds that inhibit or compete with E-. P- or L-selectin binding to sLe« or sLe^ 
including sLe* and sLe^ themself. 

[0045] Pharmaceutically active composifions of the present invention comprise a physiotogical earner and a com- 
pound of formulae II, III or IV. 

[004q The phamrtaceuUcal compositions of the present invention may include one or more of the compounds of 
formulae II, III or IV fomiulated together with one or more nontoxic, physiologically acceptable carriers, adjuvants or 
vehicles, which are collectively referred to herein as earners, for parenteral injecUon, for oral administration in solid or 
liquid form, for rectal or topical administration and the like. 

[0047] The compositions can be administered to humans and animals either orally, rectally. parentally (intravenously 
intramusculariy, or subcutaneously), intradstemally. intravaginally, intraperitoneally, locally (powders ointments o^ 
drops), or as buccal or nasal sprays. 

[0048] Compositions suitable for parenteral injection may comprise physiologically acceptable sterile aqueous or 
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nonaqueous solutions, dispersions, suspensions or emulsions and sterile powders for reconstitution into sterile inject- 
able solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents, solvents or vetiicles 
include water, ettianol. polyol, (propylene glycol, polyethylene glycol, glycerol and the like), suitable mixtures thereof, 
vegetable oils (such as olive oil) and injectable organic esters such as ethyl oleate. Proper fluidity can be maintained, 
5 for example, by the use of a coating such as lecithin, by the maintenance of the required particle size in the case of 
dispersions and by the use of surfactants. 

[0049] These compositions may also contain adjuvants such as preserving, wetting, emulsifying, and dispersing 
agents. Prevention of the action of microorganisms can be ensured by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be desirable to include isotonic agents, 

10 for example sugars, sodium chloride and the like. Prolonged absorption of the injectable pharmaceutical form can be 
brought about by the use of agents delaying absorption, for example, aluminum monostearate and gelatin. 
[0050] If desired, and for more effective distribution, the compounds can be incorporated into slow or timed release 
or targeted delivery systems such as polymer matrices, liposomes, and microspheres. They may be sterilized, for 
example, by filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in the form of sterile water, 

15 or some other sterile injectable medium immediately before use. 

[0051] Solid dosage forms for oral administration include capsules, tablets, pills, powders and granules. In such solid 
dosage forms, the active compound or a pro-drug ester is admixed with at least one inert customary excipient (or 
carrier) such as sodium citrate or dicaldum phosphate or (a) fillers or extenders, as for example, starches, lactose, 
sucrose, glucose, mannltot and silicic acid, (b) binders, as for example, carboxymethytcellulose, alginates, gelatin, 

20 polyvinylpyrrolidone, sucrose and acacia, (c) humectants, as for example, glycerol,(d) dlintegrating agents, as for ex- 
ample, agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain complex silicates and sodium car- 
bonate, (e) solution retarders, as for example, paraffin, (f) absorption accelerators, as for example, quaternary ammo- 
nium compounds, (g) wetting agents, as for example, cetyl alcohol and glycerol monostearate, (h) adsortients, as for 
example, kaolin and bentonite, and (i) lutmcants, as for example, talc, calcium stearate, magnesium stearate, solid 

25 polyethylene glycols, sodium lauryl sulfate or mixtures thereof. In the case of capsules, tablets and pills, the dosage 
forms may also comprise buffering agents. 

[0052] Solid compositions of a similar type may also be employed as fillers in soft and hard-filled gelatin capsules 
using such excipients as lactose or milk sugar as well as high molecular weight polyethylene glycols and the like. 
[0053] Solid dosage forms such as tablets, dragees. capsules, pills and granules can be prepared with coatings and 
30 shells, such as enteric coatings and others well known in the art. They may contain opacifying agents, and can also 
be of such composition that they release the active compound or compounds in a certain part of the intestinal tract in 
a delayed manner. Examples of emt>edding compositions that can be used are polymeric substances and waxes. 
[0054] The active compounds can also be in microencapsulated form, if appropriate, with one or more of the above- 
mentioned excipients. 

35 [OOSq Liquid dosage forms for oral administration include pharmaoeutically acceptable emulsions, solutions, sus- 
pensions, syrups and elixirs. In addition to the active compounds, the liquid dosage forms may contain inert diluents 
commonly used in the art such as water or other solvents, solubilizing agents and emulsifiers, as for example, ethyl 
alcohol, isopropyl alcohol, ethyl cart)onate, ethyl acetate, benzyl alcohol, benzyl t)enzoate. propylene glycol, 1,3-buty- 
lene glycol, dimethylforrriamide, oils, in particular, cottonseed oil, groundnut oil, com germ oil, olive oil, castor oil and 

<o sesame seed oil. glycerol, tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan or mixtures 
of these substances, and the like. 

[0056] Besides such inert diluents, the compositions can also include adjuvants, such as wetting agents, emulsifying 
and suspending agents, sweetening, flavoring and perfuming agents. 

[0057] Suspensions, in addition to the active compounds, may contain suspending agents, as for example, ethoxy- 
15 lated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose, aluminum metahy- 
droxide, bentonite, agar-agar and tragacanth or mixtures of these sutistances and the like. 

[0058] Compositions for rectal administrations are preferably suppositories, which can be prepared by mixing the 
compounds of the present invention with suitable nonirritating excipients or carriers such as cocoa butter, polyethylene 
glycol or a suppository wax, which are solid at ordinary temperatures but liquid at body temperature and therefore melt 
50 In the rectal or vaginal cavity and release the active component. 

[0059] Dosage forms for topical administration of a compound of this invention include ointments, powders, sprays 
and Inhalants. 

[0060] The active component is admixed under sterile conditions with a physiologically acceptable carrier and any 
needed preservatives, buffers or propellants as may be required. Ophthalmic formulations, eye ointments, powders 
55 and solutions are also contemplated as being within the scope of this invention. 

[0061] The compounds of this invention can also be administered in the form of liposomes. As is known in the art, 
liposomes are generally derived from phospholipids or other lipid substances. Liposomes are formed by mono or mul- 
tilamellar hydrated liquid crystals that are dispersed in an aqueous medium. Any nontoxic, physiologically acceptable 
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and metabolizable lipid capable of forming liposomes can be used. The present compositions in liposome fonn can 
contain, in addition to the selectin binding inhibitors of the present invention, stabilizers, presen/atives, excipients and 
the like. The preferred lipids are the phospholipids and the phosphatidyl cholines (lecithins), both natural and synthetic. 
Methods to form liposomes are well known in the art. 

[0062] Actual dosage levels of active ingredient in the compositions of the present invention may be varied so as to 
obtain an amount of active ingredient that is effective to obtain the desired therapeutic response for a particular com- 
position and method of administration. The selected dosage levels, therefore, depends on the desired therapeutic 
effect, on the route of administration, on the desired duration of treatment and other fectors. 

[0063] The total daily dosage of the compounds of this invention administered to a host in single or divided doses 
may be in the range of from about 5 mg to about 250 mg per kilogram of body weight. Dosage unit compositions may 
contain such submultiples thereof as may be used to make up the daily dosage. It will be understood, however, that 
the specific dose level for any particular patient, whether human or other animal, will depend upon a variety of factors 
including the body weight, general health, sex, diet, time and route of administration, rates of absorption and excretion, 
combination with other drugs and the severity of the particular disease being treated. 

[0064] In particular, the compounds of the present invention may be used to treat a variety of diseases relating to 
inflammation and cell-cell recognition and adhesion. For example, the compounds of the present invention may be 
administered to a patient to treat septic shock, chronic inflammatory diseases such as psoriasis and rtieumatoid arthritis, 
and reperfusion tissue injury that occurs following heat attacks, strokes and organ transplants, traumatic shock, multi- 
organ failure, autoimmune diseases, asthma and inflammatory bowel disease. In each case, an effective amount of 
the compounds of the present invention is administered either alone or as part of a phamiaoeutically active composition 
to a patient in need of such treatment. It is also recognized that a combination of the compounds may be administered 
to a patient in need of such administration. The compounds of the present invention may also be administered to treat 
other diseases that are associated with cell-cell adhesion. As the present compounds inhibit the binding of E-. P- or 
L-selectin with sLe" or sLe^. any disease that is related to this interactton may potentially be treated by the inhibition 
of this binding interaction. 

[0065] In addition to being found on some white blood cells. sLe^ is found on various cancer cells, including lung 
and colon cancer cells. It has been suggested that cell adhesion involving sLe» may be involved in the metastasis of 
certain cancers and that inhibitors of sLe^ binding might be useful in the treatment of some forms of cancer. 
[0066] The compounds of the present invention may be synthesized accortling to the general synthetic scheme 
shown in scheme 1 : 




where R is selected from the group consisting of -(CHzlnCOzH, -©(CHzUCOzH. -(CH2)„0(CH2) mCO^H -CONH 
(CH2)„C02H. -CH(02)(C02H). -CH(Z)(C02H). -(CH2)„S03H. -(CH2)nP03D,02, -NH(CH2)^C02H, -CONHCCHRe) 
CO2H, and (1 H-tetrazolyl-5-alkyl-); wherein n is 0 to 6, m is 1 to 6, Z is alkyl. D, and are independently hydrogen 
or alkyl. and Rg is selected from the group consisting of hydrogen, alkyl. aralkyi, hydroxyalkyi, aminoalkyl. alkyl car- 
boxylic aad and alkyl carboxamide, and the pharmaceutically acceptable salts, esters, amides, and prodmgs thereof 
[0067] In this scheme, the desired biphenyl moiety is synthesized and subsequently reacted with the desired man- 
nopyranoside moiety to fomn a compound of the present invention. Specific examples of the synthesis of the compounds 
of the invention are presented in the experimental section below wherein R is as defined above. 
[0068] Other compounds may be synthesized according to the schemes setforth below where R is as defined above. 
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Scbame Z- 




[0069] In this reaction scheme, a sut>stituted phenylacetic ester Is coupled with an aryl boronic acid in the presence 
of a palladium catalyst and tiase to give a biphenyl compound. The phenol functionality is reacted with a protected 
mannopyranoside in the presence of boron trifluoride etherate. The desired compound is obtained by treatment with 
base to hydrolyse the esters. 




[0070] A substituted bromophenol is reacted first with tnityl lithium, then with trimethoxy borate followed by add 
hydrolysis to give a boronic acid. This compound is reacted with a substituted bromobenzene in a palladium(O) cata- 
lyzed coupling to give a biphenyl compound. The biphenyl compound is coupled with a protected mannopyranoside 
and the product is deprotected by base hydrolysis to form the desired compound. 
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Scheme A 




100711 A bromobenzyl bromide is treated with sodium cyanide in fefluxing methanol to give a bromobenzyl nitrile 
■mis compound is coupled with a boronic add in the presence of a palladium catalyst and base to give a substituted 
biphenyl compound The nitrile functionality is converted to a tetrazole by treatment with sodium azide and aluminum 
chlonde in refluxing toluene. The biphenyl tetrazole is coupled with a protected mannose derivative catalyzed by boron 
trifluonde etherate. Treatment with base deprotects the mannose and provides the desired compound 




[0072] A bromophenyl acetate is treated with lithium diisopropylamide and an alltyl halide to give an a-alkyi 
bromophenyl acetate. This compound is coupled with a boronic acid to produce a biphenyl compound. The biphenyl 
compound is coupled with protected mannopyranoside using boron trifluoroetherate and the compound is deprotected 
by base hydrolysis to give the desired compound. *^ ">eciea 
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[0073] This scheme presents a general synthetic route to contipounds having various amide functional groups. First, 
30 a phenolic boronic acid is reacted with a bromobenzoic acid to obtain a biphenyl using potassium phosphate and a 
catalytic amount of tetrakistriphenylphosphine palladium(O) in dimethylformamide and water. Next, the biphenyl moiety 
is esterified, then coupled with mannose pentaacetate. The acetate protecting groups are then converted to acetonide 
protecting groups using sodium methoxide in methanol fallowed by acetone and dimethoxypropane with a catalytic 
amount of p-toluenesulfonic acid. Base hydrolysis of the ester gives an add that may be converted to various amide 
35 groups by reacting the acid with a particular amino ester, in the presence of standard coupling reagents. Then, the 
compound is deprotected to give the desired amide. 



40 



50 
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.P(OEt)a 



sp,H (!^V^^^"'-'^b«'^' 



hITTa^""^ conditions: a) LiBH4. THF/toluene b) MsCI. Et,N c) potassium thioacetate d) Oxone. HjO/MeOH e) 
,«„l!.; '^'^ CH2CI2 0 KCH(P03Et2)2. THF g) H,. Pd,C. MeOH h) H*. H^O I) NaOH H,0 1 

TlSnm T"^"^ ^ ^^^"^ """'^^ ^"'^ ^" aoetonide protected mannopyranoside moiety as synthesized 

h" K ^^^K ^"'^ borohydride in tetrahydrofuran and toluene to produce a compound 

wateTfnrt r *° ^'^^ ^ thioacetate; this thioacetate may be further treated with Oxone in 

H ??K n° ^^'^^ substituted biphenyl compound. Alternatively, the phenylethyl alcohol may 

be heated with the Dess-Martin reagent to afford an aldehyde, which may then be treated with tetraettiylmethylene 
d^osphonate anion to produce an a.p-unsaturated phosphonate. Reduction with hydrogen and a palladium catalyst 

r^^.Tpho^^rc'^dr" "^^^^^^ 



EP 0 758 243 B1 



ficheme 8 




[0075] A substituted biphenyl compound having a protected mannose as prepared in Scheme 2 is treated first with 
sodium methoxide in methanol, then dimethoxypropane in acetone with catalytic acid to give a bisacetonide. Partial 
deprotection by mild acid hydrolysis, followed by reaction of the primary 6-hydroxyl group with losyl chloride gives a 
hydroxy tosylate which is acetylated with acetic anhydride in pyridine. The tosylate group is replaced with an iodine 
using sodium iodide in dimethylformamide. Treatment of the iodide with sodium azide in DMF gives an azido compound 
which is either deprotected to give the 6-a2ido compound, or is reduced to an amine following removal of the acetate 
protecting group. Further removal of the remaining protecting groups by treatment with catalytic acid in methanol fol- 
lowed by hydrolysis gives the desired 6-amino compound. 
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scheme 9 




(0076] This scheme shows that the 6-iodomannopyranoside as synthesized in Scheme 8 can be displaced with a 
sulfur based nucleophile to generate the 6-mercapto-S^cetate ester, which can subsequently be deprotected by se- 
quential mild acid then base hydrolysis to give the target compound. 



[0077] in this scheme, a substituted bromophenyl acetic acid is coupled with a substituted hydroxymethyl benzene 
boronic aad using a palladium (O) catalyst, and the product esterified. TTie resulting ester is glycosylated with a pro- 
tected mannopyranoslde in the presence of boron trifloride etherate. Hydrolysis of the protecflng groups affords the 
desired compound. 
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peheme II 

OH 




[0078] A substituted bromophenol is reacted witfi ethyl bromoaoetate in ttie presence of sodium tiydride to give a 
substituted bramophenyl ether which is coupled with a hydroxybenzene boronic acid using catalytic palladium (O) to 
give a substituted biphenyl. The phenol is reacted with a protected mannose unit using boron trifluoride etherate to 
give a protected mannopyranoside. Treatment with aqueous base gives the desired compound. 




[0079] In this scheme, a substituted bromophenol is reacted with ethyl bromoacetate in the presence of a suitable 
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base to give a bromophenyl ether. The halide is then reacted with a boronic acid in the presence of catalytic palladium 
(0) to produce a substituted bipheny) compound, which is coupled with a protected mannose unit in the presence of 
boron tnfluonde etherate. The protective groups are then removed with aqueous hydroxide which produces the desired 



OH 
HO 

10080] In this reaction scheme, a bromobenzyl bromide is reacted with sodium cyanide in methanol to qive a cv- 
nhr„hi.^ T.T^"fnx?- ^^'^''''^ '^^'^^^ « boronic acid in the presence of catalytic tetrakistripheny^- 

phosphine palladium (0) to produce a substituted biphenyl compound, which is coupled with a protected mann^e unit 

;;:^^ur.^7.°i:dTm"p:r^""^^^^ 
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15 [0081] A substituted 2,2'-dihydroxybiptienyl is reacted with ethyl bromoacetate in ttie presence of sodium tiydride to 
give a ptienolic biptienyl ether. The phenol is reacted with a protected mannopyranoside using boron trifluoride etherate. 
and the protecting groups are then removed with aqueous base to give the desired compound. 



25 



30 



35 




[0082] This scheme illustrates that a substituted bromophenol can be converted to a substituted benzene boronic 
40 acid by treatment with a suitable base followed by introduction of trimethyl borate then hydrolysis. The resulting boronic 
acid is then coupled with a bromophenyl ether in the presence of palladium (0) catalyst to give a substituted biphenyl 
phenol. The phenol is reacted with a pnatected mannose unit in the presence of boron trifluoride etherate, and the 
protective groups are then removed vinth aqueous base to give the desired product. 

45 



so 
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10083] This scheme shows that a bromophenyl ether as prepared in scheme 2 can be reacted with a 3-hydroxymeth- 
ylphenyl boronic acid in the presence of palladium (0) to give a substituted biphenyl compound. The hydroxy group is 
reacted with a protected mannose unit using boron trifluoride etherate as a coadditive. Treatment with aqueous base 
gives the desired compound. 



45 



55 
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Scheme 17 




HO 

A substituted 3-bromophenol is reacted with ethyl bromoacetate in the presence of sodium hydride to give a substituted 
bromophenyl ether which is coupled with a 3-hydroxymethyi iienzene boronic acid using catalytic palladium (0) to give 
a substituted biphenyl compound. The benzylic alcohol is reacted with a protected mannose unit using boron trifluoride 
etherate to give a protected mannopyranoside. Treatment with aqueous base, then gives the desired compound. 
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Scheme IB 



OH 




[0084] In this scheme, a substituted 4-bromophenol is reacted with ethyl bromoacetate in the presence of sodium 
hydnde to give a twomophenyl ether. The hallde is coupled with 3-hydroxymethyl benzene boronic add using catalytic 
palladium (0) to give a substituted biphenyl compound. A protected mannose moiety is introduced, and the resulting 
glycoside is treated with aqueous base to give the desired compound. 



EP 0 758 243 B1 



Scheme 12. 
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[0086] In this scheme. inethyl-3^2-methoxyphenyl)phenyl acetate as prepared in pari B. Example 1 is reacted with 
a bromophenylaceticacid chloride using aluminum chloride in a suitable solvent to give a substituted acetophenone 
Reaction wnth an aiyl boronic add in the presence of catalytic palladium (0) and aqueous sodium carbonate in toluene 
gives a substituted tetra-aryl compound. Treatment with boron tribromide in a halogenated solvent at low temperature 
gives a phenol which is reacted with a protected mannopyranoside using boron trifluoride etherate. Treatment with 
aqueous base gives the desired compound. 
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[0087] In this scheme, a tetra-aryl compound as synthesized in scheme 20 is treated with aqueous base to convert 
the ester functionality to a cartioxylate salt, which is then treated with hydrazine and potassium (e/t-butoxide followed 
by acidification to give a disubstituted ethane moiety. The ether groups are removed using txiron tribromide in a hal- 
ogenated solvent, and the carboxylate is re-esterified to give a diphenolic ester. Reaction of the phenols with a protected 
mannose unit, followed by base-induced deprotection gives the desired compound. 



55 
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Scheme ^2 



.coica. 



3. Brj 1 3 



H,CO,C' 




[0088] In this scheme, a phenyl succinic acid is esterified using an alcohol in the presence of catalytic add to give 
a phenyl diester which is then treated with turning nitric add and sulfuric add to give a nitro phenyl diester. The nitro 
group is reduced using Raney nickel and hydrazine, or other suitable reducUon conditions known to those skilled in 
the art. and the resulting amino group is reacted with acetic anhydride to give an aoetamide. Introduction of the halogen 
IS accomplished using bromine in a suitable solvent, and the aoetamide is then hydrolyzed using aqueous add. The 
resultant amino group is removed by treatment with nitrous acid followed by hypophosphorous add. The aryl halide is 
then reacted with a hydroxyphenyt boronic acid in the presence of catalytic palladium (0) to give a biphenyl phenol 
which is then reacted with a protected mannose unit. Treatment with aqueous base removes the protective groups and 
provides the desired compound. 
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.COjCH 

M90H.H* HNO» (fuming 



1. waW.NaH4 

2. ACaO 

3. Bra 



[0089] A phenyl diacetic acid is treated with an alcohol in the presence of catalytic add to give a diester. The aromatic 
ring Is then nitrated using fuming nitric acid and sulfuric acid to give a nitro phenyl diester, and the nitrogroup is reduced 
using Raney Nickel and hydrazine, or other suitable reduction conditions known to those skilled in the art. The resulting 
amino group Is then reacted with acetic anhydride to give an acetamide. The halogen Is Introduced using bromine in 
a suitable suitable solvent, and the acetamide is then hydrolyzed using aqueous add. introduced using bromine in a 
suitable solvent, and The resu Itant amino group 1 s removed by treatment with nitrous add followed by hypophosphorous 
add, and the aryl hallde is then reacted with a hydroxyphenyl boronic add in the presence of catalytic palladium (0) 
to give a biphenyl phenol. Treatment with a protected mannose unit and boron trifluoride etherate gives a mannopyra- 
noside, which is then treated with aqueous base to give the desired compound. 
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Scheme 2A 




ni o" 

[0090] A nitrophenyl acetic acid is first converted to an ester using an alcohol and catalytic acid, then the aromatic 
ring is hafogenated using bromine and iron in a suitable solvent. The nitro group is then reduced using hydrazine and 
Raney nickel. The resulting amino group is diazotized using sodium nitrite in aqueous sulfuric acid, and the diazonium 
salt is hydrolyzed to the phenol with aqueous acid. TTie phenol is protected using acetic anhydride and the aromatic 
halide is then reacted with a hydroxyphenyl boronic add in the presence of catalytic palladium (0) to give a biphenyl 
phenol. Treatment with a protected mannose moiety followed by base-induoed deprotection gives the desired oom- 
pound.acetic anhydride to give an aoetamide. The halogen is 



Scheme 2S 
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[0091] This scheme shows that the bromophenol as prepared in Scheme 24, can be alkylated using an alkyi or aryl 
halide and suitable base. Reaction of the resulting aryl hatoether with a hydroxyphenyl boronic acid using catalytic 
palladium (0) gives a biphenyl phenol which is then reacted with a protected mannose unit. Treatment with aqueous 
base gives the desired compound. 



Scheme 2£. 
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[0092] A 3-alkyl phenyl acetic acid Is treated with an alcohol In the presence of catalytic acid to give an ester, which 
35 is then nitrated using turning nitric acid and sulfuric add. The nitro gfoup is reduced using methods known to those 
skilled in the art, and the resulting amino group Is acetylated using acetic anhydride. Treatment with bromine in a 
suitable solvent followed by hydrolysis of the acetamide gives a bromoaniline. The amino group is removed by a se- 
quence of diazotization followed by reduction of the diazonium salt with hypophosphorous acid. The aromatic halide 
is coupled with a hydroxyphenyl boronic acid in the presence of catalytic palladium (0) to give a biphenyl phenol, which 
40 is coupled with mannose pentaacetate. The compound is then deprotected with aqueous base to give the desired 
compound. 

[0093] The following examples turther illustrate the invention and are not to be construed as limiting the specification 
or the claims in any way. 

45 EXAMPLES: 

EXAMPLE 1 

3-(2-(a-D-Mannopyranosyloxy)phenyl)phenyl acetic acid 

50 

[0094] Part A: 3-Bromophenyl acetic acid (2.0 g, 9.3mmol) was dissolved in methanol (20 ml) in a 50 ml flask. Con- 
centrated sulfuric acid (2 drops) was added, and the mixture was refluxed under nitrogen for ten hours then concentrated 
under reduced pressure. The residue was mixed with dichloromethane (20 ml) and saturated sodium bicarbonate 
solution (10 ml). The organic material was separated, dried (MgS04) and concentrated under reduced pressure. The 
S5 residue was flushed through silica gel with hexane/ethyl acetate (3:1), and concentrated to provide 2.12 g (99%) of 
methyl (3-bromophenyl)acetate, which was used without further purification. 

[0095] Part B: Anisole (2.1 6 g, 20.0 mmol) was dissolved in dry THF (50 ml) in a dry 100 ml flask flushed with nitrogen. 
The mixture was chilled in a dry ice/2-prQpanol bath, n-butyl lithium (10.9 ml of a 2.3 M solution in hexanes, 25 mmol) 
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was added, then the cooling bath was exchanged for an ice-water bath. The reaction was stirred for an hour at O-'C 
then trimethyl borate (2.3 ml. 20 mmol) was added and the mixture was stirred at room temperature overnight The 
reactfon mixture was treated with 2N aqueous HQ to pH 3 and mixed well for 30 minutes, then extracted with ether (3 
X 15 ml). The organic materials were combined, dried (MgS04). then concentrated under reduced pressure which 
gave 2.88 g (95%) of 2-methoxybenzene boronic add as a dear oil which was used in the next step without further 
purification. 

[0096] Methyl (3-bromophenyl)acetate (2.06 g. 9.0 mmd). tetrakis(triphenylphosphine)palladium (0) (115 mg) so- 
dium carbonate (2.61 g. 25 mmol in 2ml water) and toluene (10 ml) were degassed under nitrogen in a 25 ml flask 
fitted with a reflux condenser. 2-Methoxybenzene boronic add (1 .5 g. 9.87 mmol) in toluene (1 ml) was added and the 
mixture was heated at reflux overnight, then mixed with 1 : 1 saturated sodium chloride/ethyl acetate (1 5 ml) The organic 
matenals were separated, dried (IVlgS04). then concentrated under reduced pressure which gave 2.81 g of methyl 
(3-(2-methoxyphenyl)phenyl) acetate. 

[0097] Part C: In a dry 250 ml fiask, methyl 3-(2-methoxyphenyl)phenyl acetate (2.0 g. 7.8 mmol) was dissolved in 
dichloromethane (100 ml) under nitrogen, and chilled in a dry-ice/2-propanol bath. Boron tribromide (2.2 ml 24 mmol) 
was added slowly drop-wise and the mixture was kept at -10°C for 14 hours, then mixed with ice-water (100 ml). The 
organic matenal was separated, washed with saturated sodium bicartjonate sdution (50 ml), water (50 ml), saturated 
sodium chlonde (60 ml), then dried (MgS04) and concentrated under reduced pressure, the residue was purified by 
flash chromatography (SiO^, 3:1 hexane/ethyl acetate) which gave 1.25 g (66% from methyl (3-bromophenyl) acetate) 
of methyl 3-(2-hydroxyphenyl)phenyl acetate as a dear oil. 

{0098] Pan D: IVIethyl 3-(2-hydroxyphenyl)phenyl acetate (1 .28 g. 5.28 mmol) was dissolved in 1 .2-dichloroethane 
(20 ml) in a dry 50 ml flask. a-D-Mannose pentaacetate (2.08 g. 5.34 mmol) was added in one portion, then borontri- 
fluonde etherate (2.32 ml. 18.5 mmol) was added slowly. The mixture was stirred under nitrogen overnight at roorii 
temperature, then mixed with water (50 ml). The organic material was separated and the aqueous portion was extracted 
with dichloromethane (3X5 ml). The extracts were combined with the original organic fraction, dried (MgS04) then 
concentrated under reduced pressure. The residue was purified by flash chromatography (SiOz. gradient elutiori hex- 
ane to 3:1 hexane/ethyl acetate) which provided 2.74 g (91%) of methyl 3-(2-(2.3.4.6-tetia-0-aoetyl-a-D-mannopyran- 
osyloxy)phenyl)phenyl acetate contaminated with a small amount of unreacted a-D-mannose pentaacetate which co- 
eluted with the product. 

[0099] Part E: Methyl 3-(2-(2,3.4.6-tetra-0-acetyl-a-D-mannopyranosyloicy)phenyl)phenyl acetate (2 74 g 4 78 
mmol) was dissolved in acetonitrile ( 25 ml) in a 50 ml flask, and treated with a solution of lithium hydroxide monohydrate 
(1 .1 g. 26.3 mmol) in water (10 ml) and the mixture was stin-ed at room temperature overnight then addified to pH 2 
with concentrated hydrochloric add. The mixture was concentrated under reduced pressure and the residue was pu- 
nfied by HPLC (reverse phase, gradient elution 5-50% acetonitrile in water (0.1% trifluoroaoetic add) monitored at 
85*86^ ^'^"'^ ° °* 3-(2-(a-D-mannopyranosyloxy)phenyl)phenyl acetic add as a white solid, m.p. 

1H NMR: (300MHz. DMSO-d6) 7.02-7.40 (comp.8H), 5.31 (s. 1H), 3.25-4.00 (comp 12H) ppm 
IR (KBr): 3408, 1791 . 1713. 1478, 1223. 1171, 1019, 979, 755 cm^l 
Analysis: Calc for C2oH2208_1.5 IH2O]: 57.55% C. 5.76% H. 
Found 57.33% C. 5.59% H. 



4-(2-(a-D-Mannopvranosvloxy)phenyl)phenvl acetic add 

[0100] Part A: Operating as in Part A of EXAMPLE 1. but employing 4*romophenyl acetic add gave methyl 
4-bramophenyl acetate in 85% yield. 

[0101] Part B: 2-Bromophenol (10.0 g. 57.8 mmol) was dissolved in dry THF (100 ml) in a dry 250ml flask flushed 
with nitrogen. The mixture was chilled in a dry ice/2-propanol bath, n-butyl lithium (51 ml of a 2.5 M solution in hexanes 
127.2 mmol) was added, then the cooling bath was exchanged for an ice-water bath. The reaction was stined for an 
hour at 0"C. then tnmethyl borate (6.9 ml. 60.7 mmol) was added to the slurry which became homogeneous after a 
few minutes. The mixture was stirred at room temperature ovemight. then treated with 2N aqueous HCI to pH 3 mixed 
well for 30 minutes and extracted with ether (3 X 25 ml). The organic materials were combined, dried (MgSoi) then 
r" 56-158°C """^ ^^'^ pressure which gave 7.6 g (91%) of 2-hydroxybenzene boronic add as a white solid, m. 

(0102] Methyl (4-bromophenyl)acetate (2.79 g. 12.2 mmol). fetrakis(triphenylphosphine)palladium (0) (170 mg), po- 
tassium phosphate (9.71 g. 45.75 mmd) and dimethoxyethane (50 ml) were degassed under nitrogen in a 100 rnl fl^k 
fitted with a reflux condenser. 2-Hydroxybenzene boronic add (2.52 g, 18.3 mmd) in dimethoxyethane (5 ml) was 
added and the mixture was heated at reflux ovemight then mixed with 1 :1 saturated sodium chloride/ethyl ac;etate (25 
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ml). The organic materials were separated, dried (MgS04), then cnncentrated under reduced pressure. The residue 
was purified by flash chromatography (SiOj, gradient hexane to 3:1 hexane/ethyl acetate) which provided 2.21 g (75%) 
of methyl (4-(2-hydroxyphenyI)phenyl)acetate. 

[0103] Part C: Operating as in Part D in EXAMPLE 1, but employing methyl (4-(2-hydroxyphenyl)phenyl)acetate 
gave methyl (4-(2-(2,3.4,6-tetra-0-acetyl-a-D-mannopyranosyloxy)phenyl)phenyI acetate in 86% yield. 
[0104] Part D: Operating as in Part E in EXAMPLE 1. but employing methyl (4-(2-(2.3.4,6-tetra-0-acetyl-a-D-man- 
nopyranosyloxy)phenyl)phenyl acetate gave 4-(2-{a-0-mannopyranosyloxy)phenyl)phenyl acetic acid as a hygroscop- 
ic white solid. 

NMR: (300MHz, DMSO-d6) 7.02-7.50 (comp. 8H), 5.30 (s. 1H), 3.30-3.75 (oomp, 12H) ppm. 
IR (KBr) : 3404. 1788. 1712, 1486, 1218, 1170. 1018. 752 cm-i. 
m.p.: 65-68°C. 

Analysis: Calc for C2oH220e« [C2HF3O2]: 52.38% C. 4.59% H. 
Found: 52.02% C. 4.52% H. 

EXAMPLE 3 

3- (2-(a-D-Mannopyranosyloxv)phenyl)benzoic acid, lithium salt 

[0105] Part A: Operating as in Part A in EXAMPLE 1 , but employing 3-bromobenzoic add gave methyl 3-bromoben- 
zoate in 95% yield. 

[0106] Part B: Operating as in Part 8 in EXAMPLE 1 , but employing methyl 3-bromobenzoate gave methyl 3-(2-meth- 
oxyphenyl)benzoate in 64% yield, m.p.: 92-93°C. 

[0107] Part C: Operating as in Part C in EXAMPLE 1, but employing methyl 3-(2-methoxyphenyl)benzoate gave 
methyl 3-(2-hydroxyphenyl)benzoate in 84% yield. 

[0108] Part D: Operating as in Part O in EXAMPLE 1, but employing methyl 3-(2-hydroxyphenyl)benzoate gave 
methyl 3-(2-(2,3,4,6-tetra-0-acetyl-a-D-mannopyranosyloxy)phenyl)benzoate in 85% yield. 

[0109] Part E: In a dry 50 ml flask under nitrogen, methyl 3-(2-(2,3,4,6-tetra-0-acetyl-a-D-mannopyranosyloxy)phe- 
nyl)benzoate (2.18 g, 3.9 mmol) was dissolved in methanol (20 ml) and treated in one portion with sodium methoxide 
(250 mg) and the mixture was stirred at room temperature overnight, then concentrated under reduced pressure. The 
residue was purified by flash chromatography (SiOz, 7:3 methylene chloride/methanol) which gave methyl 3-(2-(a-D- 
mannopyranosyloxy)phenyl)benzoate in 84% yield. 

[0110] Part F: Methyl 3-(2-(a-0-mannopyranosytoxy)phenyl)benzoate (0.662 g, 1.7 mmol) was dissolved in ace- 
tonltrile (15 ml). An aqueous solution of lithium hydroxide monohydiate (0.12 g, 2.55 mmol in 1 ml water) was added 
and the mixture was stinted at room temperature for 8 hours. The mixture was then diluted with additional aoetonitrile 
(approximately 1 0 ml) and the lithium salt of 3-(2-(a-D-mannopyranosyloxyphenyl)t)enzoic acid precipitated. The solids 
were collected and dried which gave 0.614 g (94%) of product, m.p. 109-11 5°C. 

iH NMR: (300MHz. DMSO-d6) 8.11 (s, 1H), 7.79 (d, J=7Hz. 1H). 7.20-7.40 (comp. SH). 7.06 (t. J=7 Hz, 1H). 5.43 (s. 
1H). 5.25 (br s, 1H), 5.04 (br s. 1H). 4.70 (br s. 1H), 4.55 (br s. 1H). 3.25-3.70 (comp. 6H) ppm. 
IR (KBr): 3384, 1560, 1405. 1389, 1111. 1057. 1020. 757cmri. 
Analysis: Calc for C,gH,gOgU'[H20]*1.8[UOH]: 51.4% C, 5.18% H. 
Found: 51.62% C. 4.81% H. 

EXAMPLE 4 

4- (2-(a-D-Mannopvranosyloxy)phenvl)benzoicacid 

[01 1 1] Part A: Operating as in Part A in EXAMPLE 1 . but employing 4-bramobenzoic add gave methyl 4-bromoben- 
zoate in 90% yield, m.p. 66-68°C. 

[0112] Part B: Operating as in Part B in EXAMPLE 1 . but employing methyl 4-bramabenzoate gave methyl 4-(2-meth- 
oxyphenyl)benzoate in 51% yield. 

[0113] Part C: Operating as in Part C in EXAMPLE 1. but employing methyl 4-(2-methoxyphenyl)benzoate gave 
methyl 4-(2-hydroxyphenyl)benzoate in 71% yield. 

[0114] Part D: Operating as in Part D in EXAMPLE 1. but employing methyl 4-(2-hydroxyphenyl)benzoate gave 
methyl 4-(2-(2,3,4,6-tetra-0-aoetyl-a-D-mannopyranosyloxyphenyl)benzoate in 95% yield. 

[0115] Part E: Operating as In Part E in EXAMPLE 1, but employing methyl 4-(2-(2,3.4.6-tetra-0-acetyl-a-D-man- 
nopyranosytoxy)phenyl)benzoate gave 4-(2-(a-D-mannopyranosyloxy)phenyl)benzoic add in 71% yield, m.p. 
248-249''C. 

1H NMR: (300MHz. DMSO-d6) 7.98 (d, J=8Hz, 2H>, 7.61 (d. J=8Hz, 2H), 7.30-7.40 (comp, 3H), 7.05-7.16 (oomp, 1H), 



30 



EP 0 758 243 B1 

5.36 (s. 1H), 4.90-5.05 (br s. 1H), 4.76^.90 (br s. 1 H). 4.65-4.76 (br s. 1H). 4.40-4.58 (br s. 1 H), 3.25-3.70 (comp 6H) 

ppm. 

IR (KBr) : 3511. 3398, 2929. 1683. 1614, 1485, 1419, 1314, 1259, 1107, 1013. 986. 746 cnv^ 
Analysis: Calc for Ci9H2o08«0.25 [H2O]: 59.92% C, 5.43% H. 
Found: 59.80% C. 5.25% H. 

EXAMPLE 5 

3-(2-(a-D-Mannopvranosyloxy)phenyl)phenyloxvacetic acid 

[01 16] Part A: 3-Bromophenol (2.84 g. 16.4 mmol) was dissolved In dlmethylfoimamide (50 ml) in a dry 100 ml flask 
under nitrogen. Sodium hydride (0.7 g of a 60% suspension in nriineral oil, washed with hexane. 16.7 mmol) was added 
in portions and the mixture was stirred for one hour at room temperature. Ethyl bromoacetate (1.85 ml, 16.7 mmol) 
was added drop-wise and the reaction was stirred overnight at room temperature. Approximately two-thirds of the 
solvent was removed under reduced pressure and the residue was mixed with water (150 ml) and extracted with 
methylene chloride (3 X 20 ml). The extracts were combined, washed with water (50 ml), saturated sodium chloride 
solution (50 ml), then dried (MgS04). The solution was filtered and concentrated which gave 4.18 g (98%) of ethvl 
3-bromophenyloxyacetate. 

[0117] Part B: Operating as in Part B in EXAMPLE 2. but employing ethyl 3-bramophenyloxyacetate gave ethyl 
3-(2-hydroxyphenyl)phenyloxyacetate in 52% yield. 

[0118] Part C: Operating as in Part D in EXAMPLE 1. but employing ethyl 3-(2-hydro 



gave ethyl 3-(2-(2.3,4.6-tetra-0-aoetyl-a-D-mannopyranosyloxy)phenyl)phenyloxyacetate in 69% yield 
[0119] Part D: Operating as in Part E in EXAMPLE 1, but employing ethyl 3-(2-(2,3.4.6-tetra-0-acetyl-a-D-man- 
nopyranosyloxy)phenyl)phenyloxyacetate gave 3-(2-(a-0-mannopyranosyloxy)phenyl)phenyloxyacetic add in 62% 
yield, m.p. 58-60°C. 

1H NMR: (300MH2, DMSO^te) 7.25-7.38 (comp, 4H). 7.06-7.15 (comp. 2H). 6.97 (s. 1H). 6.90. (mult. 1 H). 5 34 (mult 
1H), 4.70 (S.2H). 3.80-4.40 (brs.4H), 3.30-3.75 (comp, 6H) ppm. / v , 

IR (KBr): 3404. 2943. 1788. 1737. 1478. 1424. 1220. 1173. 1068. 1016. 979. 755 696 cm-i 
Analysis: Calc for C2oH220g-(H20].1 .1(C2HF302l: 48.50% C. 4.60% H. 
Found; 48.70% C. 4.21% H. 



4-(2-(ot-D-Mannopyranosyloxy)phenyl)phenvloxvaoeticacid 

[0120J Part A: Operating as in Part A in EXAMPLE 5. but employing 4-bramophenol gave ethyl 4-bfDmophenyloxv- 
acetate in 98% yield. f » y 

[0121] Part B: Operating as in Part B in EXAMPLE 2. but employing ethyl 4-bromophenyloxyacetate gave ethyl 
4-(2-hydroxyphenyl)phenyloxyacetate in 41 % yield. 

[0122] Part C: Operating as in Part D in EXAMPLE 1. but employing ethyl 4-(2-hydroxyphenyl)phenyloxyacetate 
gave ethyl 4-(2-(2.3,4.6-tetra-0-acetyl-a-D-manno-pyranosyloxy)phenyl)phenytoxyacetate in 80% yield 
[0123] Part D: Operating as in Part E in EXAMPLE 1, but employing ethyl 4-(2-(2.3.4.6-tetr3-0-acetyl-a-D-man- 
nopyranosyloxy)phenyl)phenyloxyacetate gave 4-(2-(a-D-mannopyranosyloxy)phenyl)phenyloxy^tic acid in 69% 
yield, m.p.: 145-146''C. 

1H NMR: (300MHz. DMSO-d6) 7.42 (d. J=BH2. 2H). 7.23-7.35 (comp. 3H). 7.07 (t. J=7Hz. 1H). 6.95 (d J=8Hz 2H) 
5.30 (S.1H). 4.71 (S.2H). 3.30-3.80 (comp. 10H) ppm. ore, ^n,. 

IR (KBr): 3418. 2930. 1739. 1521. 1486. 1240. 1219. 1110. 1068. 1013. 834 756 cnri 
Analysis: Calc for CaoHazOg'l .5[H20]: 55.43% C. 5.81 % H. 
Found: 55.81% C. 5.54% H. 



3-(2-(a-D-Mannopyranosyloxv)phenyl)benzvloxyaceticacid 

[0124] Part A: Operating as in Part A in EXAMPLE 5. but employing 3-bromobenzylaloohol gave ethyl 3-bromoben- 
zyloxyacetate in 40% yield. 

^^'^ f ' Operating as in Part B In EXAMPLE 2. but employing ethyl 3-bramobenzyloxyaoetate gave ethyl 
3-(2-hydroxyphenyl)benzyloxyacetate in 34% yield. ' 
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[0126] Part C: Operating as in Part D in EXAMPLE 1, but employing ethyl 3-(2-hydroxyphenyl)benzyloxyacetate 
gave ethyl 3-(2-(2,3.4,6-tetra-0-aoetyl-«-D-inannopyranosyloxy)phenyl)benzyloxyacetate in 74% yield. 
[0127] Part D: Operating as in Part E in EXAMPLE 1. but eniploying ethyl 3-{2-{2,3,4,6-tetra-0-acetyl-a-D-man- 
nopyranosyloxy)phenyl)benzyloxyacetate gave 3-(2-(a-D-mannopyranosylO)cy)phenyl)benzyloxyacetic acid in 30% 
yield, m.p. 77-78°C. 

1H NMR: (300MHz, DMSO-d6) 7.20-7.51 (comp. 7H), 7.15 (iTiult. 1H), 5.32 (s. 1H). 4.11 (s, 2H), 3.25-3.75 (comp, 6H). 
3.47 (s, 2H) ppm. 

IR (KBr): 3417, 2938, 1787, 1734, 1220, 1172, 1112, 1013. 977, 754 car'*. 
MS (FAB) : 443.2 (m + Na)+ 

Analysis: Calc for CziHzgOe'tCzHFaOaJ'O.SIHjO]: 50.83% C, 4.82% H. 
Found: 50.59% C, 4.74% H. 

EXAMPLE 8 

N-(4-{2-(o-D-Mannopyranosyloxy)phenyl)benzoyl)glycine 

[0128] Part A: Acetone (5.6ml) and dimethoxypropane (5.6 ml) were added to 4-(2-(a-D-mannopyranosyloxy)phenyl) 
benzoic acid (0.54 g. 1 .43 mmol) to form a heterogeneous mixture. A catalytic amount of p-toluenesulfbnic acid mono- 
hydrate was introduced and the reaction was stirred at room temperature for 45 minutes, at which point a dear, ho- 
mogeneous solution was obtained. The solvent was removed in vacuo and the yellow oily residue taken up in ethyl 
acetate, washed with saturated sodium bicartionate then saturated sodium chloride, dried (MgS04) and concentrated 
in vacuo to afford 4-(2-(2,3:4,6-di-0-isopropytidene)a-D-manno pyranosyl6xy)phenyl)benzoic acid (0.70g). 
[0129] Part B: A solution of crude 4-(2-(2,3:4,6-di-0-isopropylidene)a-D-mannopyranosyloxy)phenyl)tienzoic acid 
(0.70 g) in dry dichloromethane (4 ml) was added to a slurry of glycine ethyl ester hydrochloride (0.20 g, 1 .44 mmol) 
and triethylamine (0.40 ml, 2.88 mmol) in dry dichloromethane (3 ml). N-Hydroxysuccinimide 0.16 g, 1.44 mmol) and 
N,N'-dicyclohexylcart>odiimide (0.32 g, 1.55 mmol) were added and the reaction mixture stirred under nitrogen at room 
temperature for 4 hours. Precipitated dicydohexylurea was filtered away and the filtrate diluted with dichloromethane. 
The resulting solution was washed successively with water, 1 N HCI, saturated sodium bicartxinate and brine, then 
dried (MgS04) and concentrated under reduced pressure to afford 0.69g (89% for two steps) of N-(4-<2-(2,3:4,6-di-0- 
isopropylidene)a-D-mannopyranosyloxy)phenyl)benzoyl)glycine ethyl ester. 
[0130] Part C: N-(4-(2-(2,3:4,6-di-0-isopropylidene) 

a-0-m3nnopyranosyloxy)phenyl)benzoyl) glydne ethyl ester (0.69 g, 1 .28 mmol) was dissolved in tetrahydrofuran (2.5 
ml). An equal volume of 1 N HCI was added arKl the reaction mixture stirred ovemight. 2 N sodium hydroxide (2 ml) 
was added and the reaction stirred for another 6 hours. The solution was then re-addified to pH 4.5 with 1 N HCI and 
the product isolated by preparative reverse-phase HPLC on a Dynamax 300 A 5 micron (21 mm ID x 25 cm) Cig 
column. A gradient of 5-50% solvent B was run over 20 minutes at a flow rate of lOml/min, where solvent A was 
composed of 5% aoetonitrileAwater with 0.1% TFA and solvent B was composed of 95% aoetonitrile/Vvater with 0.1% 
TFA. The effluent was monitored at 254 nm. Pure fractions were combined and lyophilized to yield 0.33g of N-(4-(2-<a-D- 
mannopyranosyloxy)phenyl)t)enzoyl)glydne. 

iH NMR: (300MHz, D2O) 7.85 (d. J=7.8. 2H). 7.61 (d. J=7.6. 2H), 7.41 (m. 2H). 7.32 (d. J=9.0. IN), 7.20 (t, J=6.9, 7.8. 
1H). 5.48 (s, 1H), 4.11 (s, 2H) 3.94 (s, IN), 3.60 (brm, 4H). 3.28 (brm, 1H). 
IR (KBr): 3404, 2938, 1734. 1637. 1544, 1220. 1107. 1066 cmri 
m.p.: 127-129''C 

Analysis: Calc for CaiHasNOg-I^ECFaCOaH]; 56.34% C, 5.13% H, 3.07% N. 
Found: 56.36% C, 4.93% H, 2.98% N. 

EXAMPLE 9 

N-(4-(2-(a-D-MannopyrarK)syloxy)phenyl)benzoyl>-l3-phenylalanlne 

[0131] Part A: 4-(2-(2,3:4,6-Di-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)benzoic add (0.25g. 0.55 mmol) 
and D-phenylalanine methyl ester hydrochloride (0.13g, 0.60 mmol) were slunied under dry dichloromethane (2 ml). 
N-methylmorpholine (0.13 ml, 1.18 mmol), hydroxybenzatriazole hydrate (74 mg, 0.55 mmol) and 1-(3-dimethylamino- 
propyl)-3^thylcarbodiimide hydrochloride (0.26 g. 1.35 mmol) were added and the reaction was stin-ed at room tem- 
perature for two hours. Ethyl acetate was added and the solution was washed with water, 1 N HQ, saturated sodium 
bicartwnate solution, brine, dried (MgS04) and concentrated in vacuo. The residue was purified by silica gel chroma- 
tography (2:1 hexane:ethyl acetate) to aflbid N-(4-(2-(2,3:4,6-di-0-isopropy1idene-a-D-mannopyranosyloxy)phenyl) 
benzoyl)-D-phenylalanine methyl ester (0.26 g. 76%) as a white foam. 
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[0132] Part B: OperaUng in a manner analogous to Part C of EXAMPLE 8. but employing an HPLC gradient of 20-80% 
^° """"^^^ ^^"^ N-(4-(2-(a-D-mannopyranosyloxy)phenyl)t»nzoyl)-D-phenylalanine in 46% yield; m p = 
^ ^2^5. 1109. 1070. 1013cm-i: iH NMR(300 MHz.CD30D)- 
fhrl im lu^ f.^f - ' ^ ® ^ ' 5-*^ 3-80 (brs. IH). 3.67 (m.4H)%.49 

SlTv V ^ i i""; j- ^ ? ' = ^ <*^'>^""' = 524. 362, 163: analysis: calc. forC^gH^NOo. 

64.2% C. 5.6% H. 2.7% N; found: 64.2% C. 5.6% H. 2.4% N. ^ 

EXAMPLE 10 

3-(2-(6Wzido-6-deox v-a-D-mannopyranosvloxy)phenvl) phenylacetic add 

from Part E. EXAMPLE 2) was dissolved in methanol (50 ml), sodium methoxide (100 mg) was added and tt^e solution 
stirred at r<x>m temperature for two hours. The reaction mixture was neutralized with Dowex-50W ion exchange resin 
(H form), filtered and concentrated in vacuo. Chromatography (silica. 9:1 CHCl3:methanol) gave methyl 3-{2-(a-D- 
mannopyranosyloxy)phenyl)phenylacetate (2.8 g. quantitative yield (=100%)). 

[0134] Part B: Methyl 3-(2-(a-D-mannopyrahosyloxy)phenyl)phenylacetate (1.86 g. 4.6 mmol) was dissolved in 
2 2-dimethoxypropane (30 ml) and acetone (30 ml). p-Toluenesulfonic acid (100 mg) was added and the solution stirred 
atroom temperature overnight. The reaction mixture was poured into saturated sodium bicartjonate and the product 
extracted with ethyl acetate. The combined extracts were dried (MgS04) and concentrated in vacuo. Purification by 
chromatography (silica, eluent 6:1 hexane:ethyl acetate) gave methyl 3-(2-(2.3:4.6-di-0-isopropylidene-a-D-man- 
nopyranosytoxy)phenyl)phenylacetate(1.87g.84%). - W aene-o u-man 

[0135] Part C: Methyl 3-(2-(2,3:4.6-di-0-isoprDpylidene-a-0-mannopyranosyloxy)phenyl)phenylacetate (1 53 q 3 2 
rnmo ) was dissolved in methanol (50 ml), p-toluenesuifbnic acid (100 mg) added and stirred at room ferrperature until 
tJ.c. (eluent 9:1 CHa3:methanol) showed optimum conversion to the monoacetonide. The reaction was quenched bv 
the addition of a small volume of saturated sodium bicarbonate and then concentrated under reduced pressure The 
tesidue was partitioned between ethyl acetate and water and the aqueous layer extracted with ethyl acetate TTie 
combined organic layers were washed once with saturated sodium chloride, dried over magnesium sulfate and con- 
centrated under reduced pressure. Chromatography (silica, eluent 9:1 CHCl3:methanol) gave methyl 3-(2-(2 3-O-iso- 
propylidene-a-D-mannopyranosyloxy)phenyl)phenylacetate (0.92 g, 55%). ~ 
101 3q Part D: Methyl 3-(2-(2,3-0-isopropylidene-«-D-mannopyranosyloxy)phenyl)phenylacetate (6 37 g 14 3 
mmol) was dissolved in pyridine (100 ml) and the solution cooled to 0-C. p-ToluenesuIfonyl chloride (5.5 g. 28 9 mmol) 
'^^i . n!°^ by 4-dimefhylaminopyridine (100 mg) and the solution stirred atroom temperature overnight After 
cooling to 0<>C, acetic anhydride (5 ml, 53 mmol) was added and the solution stiired at room temperature for 24 hours 
Ths reaction mixture was diluted with ethyl acetate and washed with dilute hydrochloric acid to remove the pyridine 
The organic layer was then washed with dilute sodium bicarbonate and saturated sodium chloride, dried (MgSO^) and 
concentrated in vacuo. This gave methyl 3-(2K4-0-aoetyl-2,3-OHsoprx.pylidene-&0-*>.toluenesulfonyl-a-D^man- 
nopyranosyloxy)phenyl)phenytacetate (9. 1 9 g, quantitative yield ( 100%)). ~ 

h^'^.^: ^ff!"^' ^■(2-<*-°-^^«*y'-2-3-0-*sopropylidene-6^-p-toluenesulfbnyl-a-D-mannopyranosyloxy)phe- 
nyl)phenylacetate (9.19 g. 14.4 mmol) was dissolved in dimethylfomiamide (100 ml), sodium iodide (4 3 q 29 mmol) 
was add«l and the mixture heated at IIO-C for 6 hours. After cooling to room temperature most of the" DMF was 
removed in uaciio and the residue partitioned between ethyl acetate and water. The organic layer was washed with 
wrater, dilute sodium thiosulfate solution, water, saturated sodium chloride, dried (MgSO,) and concentrated in vacuo 
Chromatography (silica, eluent 2:1 hexane:ethyl acetate) gave methyl 3-(2-(40-acefyl-6-iodo-6-deoxy-2.3-0-isopro- 
pylidene-a-D-mannopyranosyloxy)phenyl)phenylacetate (6.42 g 75%) 

(0138] Part F: Methyl 3-(2K4-0-aoetyl-6-a2ido^-deoxy-2,3-0-isopropylldene^-D-mannopyranosyloxy)phen^ 
nylacetatewas prepared from methyl 3-(2-(4-0-acetyl-6Hodo-6Kleoxy-2.3-0-isopropylidene-a-D-mannop^^^ 
phenyOphenylacetate and sodium azide in 93% yield using an analogous procedure to Part E. of this Example witti 
sodium azide being used in place of sodium iodide. 

nylacetate (0^208 g, 0^41 mmol) was dissolved in methanol (6 ml) and water (2 ml). Concentrated hydrochloric B«d ^3 
drops) was added and the solution stirred at room temperature for two days. The solution was made basic with dilute 
sodium hydroxide solution and stirred at room temperature for one hour. After neutralizing with dilute hydrochloric acid 
the solution was concentrated in vacuo. The residue was shaken with methanol and the white solid removed by cen- 
"'^^ concentrated under reduced pressure and the residue taken up in 5% acetonitrile/water 
with 0.1% m Influoroacetrc acid. After adjusting the pH to 3.5 using dilute hydrochloric acid the product was purified by 
preparative reverse-phase HPLC on a Dynamax 300A 5 micron C18 column (21.4 x 250 mm) at a How rate of 10 
mm. An elution gradient of 20-80% solvent B over 30 minutes was used, with solvent B composed of 95% acgtonitrile/ 
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water with 0.1% trifluoroacetic acid and solvent A composed of 5% acetonitrileAwater with 0.1% trifluoroacetic add. 
The effluent was monitored at 254 nm, and pure fiBctions were combined and lyophillzed to yield methyl 3-(2-(6-azldo- 
6-deoxy-a-D-mannopyranosyloxy)phenyl)phenylacetic add. (44 mg, 26%); NMR (300 MHz, D2O / DMSO-dg) 
3.3-3.4 (m, 3 H, OH). 3.55 (dd. J= 9.6. 8.4. 1 H, CH2N3). 3.62 (dd. J= 9.6. 2.7, 1 H. CH2N3). 3.73 (s. 2 H. CH2CO2H). 
3.96 (m, 1 H), 4.6-5.0 (m , 3 H), 5.46 (s, 1 H). 7.14-7.50 (m, 8 H, arom.). IR (KBr: cm-i): 3421, 2101. 1717; Mass 
Spectrum m/e (CI: CH4) 229, 183 (100%). Anal. Calod. forC2oH2iN307«0.3 [CFgCOgH]: C, 55.9; H, 4.9 N, 9.6; Found: 
C. 56.1; H. 4.6; N, 9.5%. 

Example 11 

3-(2-(6-Amino-6-deoxy-a-D-mannopvranosyloxy)phenyl)phenylaceticadd. hydrochloride 

[0140] Part A: Methyl 3-(2-(4-0-acetyl-6-azido-6-deoxy-2,3-0-isopropylidene-a-D-mannopyranosylo>cy)phenyl)phe- 
nylacetate (1 .26 g. 2.5 mmol. from part F, EXAMPLE 10) was stin-ed with sodium methoxide (100 mg) in methanol (15 
ml) at room temperature ovemlght. The solution was neutralized with Dowex-50W ion exchange resin (H* form), filtered 
and concentrated in i«ct/o. Chromatography (silica, eluent 3:1 hexane:ethyl acetate) gave methyl 3-(2-(6-azido-6-de- 
oxy-2,3-0-isopropylidene-«-D-mannopyranosyloxy)phenyl)phenylacetate (1.02 g, 88%). 

[0141] Part B: Methyl 3-(2-(6-azido-6-deoxy-2.3-0-isopropylidene-a-0-mannopyranosyloxy)phenyl)phenylacetate 
(0.79 g. 1 .7 mmol) was dissolved in methanol (20 ml), Raney nickel (0.56 g) was added and the mixture stirred at room 
temperature for two hours. The mixture was filtered and concentrated in vacuo. Chromatography (silica, eluent 9:1 
CHCI3 /methanol) gave methyl 3-(2-(6-amino-6-deoxy-2,3-0-isopropylidene-a-D-«iannopyranosyloxy)phenyl)pheny- 
lacetate 0.52 g (69%). 

[0142] Part C: Methyl 3-(2-(6-amino-6-deoxy-2,3-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)phenylacetate 
(77 mg, 0.17 mmol) was dissolved in methanol (5 ml), p-toluenesuifonic acid (40 mg. 0.21 mmol) was ^dded and the 
solution stirred at room temperature overnight. Aqueous sodium hydroxide (2 M, 0.4 ml) was added and the solution 
stirred for 5 minutes before addifying with dilute hydrochloric add. The product was purified by preparative reverse- 
phase HPLC on a Dynamax 300A 5 micron C18 column (21 .4 x 250 mm) at a flow rate of 10 ml/min. An elution gradient 
of 10-40% solvent B over 25 minutes was used, with solvent B composed of 95% acetonitrile/water with 0. 1 % trifluor- 
oacetic add and solvent A composed of 5% acetonitrileAwater with 0.1 % trifluoroacetic add . The eflluent was monitored 
at 254 nm. and pure fractions were combined and concentrated in vacuo. Water (5 ml) and dilute hydrochloric add 
(0.2 ml) were added and the mixture re-concentrated. This procedure was repeated once more with hydrochloric add 
and once with water. The residue was then dissolved in water (5 ml) and lyophillzed to yield 3-(2-(6-amino-6-deoxy- 
a-0-mannopyranosyloxy)phenyl)phenylaoetic add, hydrochloride (50.3 mg, 74%). 

EXAMPLE 12 

N-(3-(2-(a-D-Mannopyranosyloxy)phenyl)benzoyl)-L-glutamicadd 

[0143] Part A: 3-(2-(2,3:4,6-Di-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)t)enzoic add can t>e prepared in 
a manner analogous to Part A of EXAMPLE 8. 

[0144] Part B: Operating in a manner analogous to Part A of EXAMPLE 9, but employing L-glutamic acid dimethyl 
ester hydrochloride and 3-(2-(2,3:4.6-di-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)benzoic add gave 
N-(3-(2-(2,3:4,6-di-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)benzoyl)-L-glutamic add dimethyl ester in 89% 
yield. 

[0145] Part C: Operating in a manner analogous to Part C of EXAMPLE 8, butemploying an HPLC gradient of 10-60% 
solvent B in 20 minutes gave N-(3-(2-(a-D-mannopyranosyloxy)phenyl)benzoyl)-L-glutamic acid in 19% yield; m.p. = 
109-112''C: IR (KBr): 3390, 2938. 1717. 1635. 1539. 1416, 1217. 1100. 1059. 1011 cnri; NMR (300 MHz. D2O): 9 
7.82 (s. 1H). 7.73 (d, 1H. J = 7.8), 7.65 (d. 1H, J = 7.5), 7.53 (t, 1H J = 7.5), 7.37 (d, 2H, J = 7.8), 7.29 (d. 1H, J = 8.1), 
7.17 (t, IN, J = 7.2). 5.45 (s. 1H). 4.58 (q. 1H. J = 4.8). 3.92 (s. 1H). 3.57 (m. 6H). 3.19 (br m. 1H), 2.52 (t. 2H. J = 7.2). 
2.27 (m, 1H), 2.11 ppm (m, IH); Mass Spectrum m/e (CIrCK*) 344, 163; analysis: calc. forC24H27NOii«1/3IC2F3H02], 
54.5% C. 5.1% H, 2.6% N; found: 54.4% C. 4.8% H, 2.6% N. 

EXAMPLE 13 

3-(2-(6-(Cart)oxvmethvlthio)-6-deoxv-a-D-mannopvranosyloxy)phenyl)phenylaceticadd 

[0146] Part A: Sodium hydride (60% wt. disp.. 0.14 g. 3.4 mmol) was washed with hexane, tetrahydrafuran (5 ml) 
was added and the mixture degassed. Methyl thioglycolate (0.4 ml, 4.5 mmol) was added, followed by a solution of 
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methyl 3-<2-(4-p-acetyl-6-deoxy-6-iodo-2.3-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)phenylaoetate (0 83 g 
1 .4 mmol. Part E. EXAMPLE 10) in THE (10 ml). The solution was degassed again and then stirred at room temperature 
for 72 hours. The reaction was quenched with water then partitioned between ethyl acetate and water The organic 
layer was washed with dilute sodium thiosulphate. water and saturated sodium chloride. After drying (MgSO.) the 
solution was concentrated in vacuo. Chromatography (silica, eluent 2:1 hexane:ethyl acetate) gave methyl 3-(2-(4-0- 

acetyl-6-(carbomethoxymethylthio)-5-deoxy-2.3-OHsopropylidene)-a-D-mannopyranosyloxy)phenyl)phenylacetate~ 
(0.7 g, 87%). 

(0147] Part B: Methyl 3-(2-(4-0-acetyl-6-(cartjomethoxymethylthio)-6-deoxy-2.3-p-isopropyljdene-a-D-man- 
nopyranosyloxy)phenyl)phenylaoetate (0.56 g. 1 mmol) was dissolved in methanol (30 ml), dilute hydrochloric acid (2 
ml) was added and stirred at room temperature overnight, then warmed to reflux for 30 minutes. After cooling to room 
temperature, sodium hydroxide (2 M, 5 ml) was added and the solution stirred for 10 minutes. The solution was neu- 
tihzed using dilute hydrochloric acid and then concentrated in vacuo. The residue was shaken with methanol and the 
white solid removed by centrifugation. The solution was concentrated in vacuo and the residue taken up in 5% ace- 
tonitrile/water with 0.1% trifluoroacetic acid. After adjusting the pH to 3.5 using dilute hydrochloric acid the product was 
punfied by preparative reverse-phase HPLC on a Dynamax 300A 5 micron CIS column (21 .4 x 250 mm) at a flow rate 
Of 10 ml/min. An elution gradient of 20-80% solvent B over 20 minutes was used, with solvent B composed of 95% 
acetonitnle/water with 0.1% trifluoroaoetic acid and solvent A composed of 5% acetonitrile/water with 0 1% trifluoro- 
acetic acid. The effluent was monitored at 254 nm. and pure fractions were combined and lyophilized to yield 3-(2-(6-(car- 
boxymethylthio)-6-deoxy-a-D-mannopyranosyloxy)phenyl)phenylacetic acid (0.40g, 83%); 1H NMR (300 MHz D,OV 
5 2.60 (dd, J = 14.1 , 8.4. 1 H. 6-H). 2.84 (dd. J = 14.1 . 1 .8. 1 H. 3.04 and 3.30 (both d.J= 14.4. 1 H, SCH^CO^H ) 
f^'tt ^ V^- ^""^ ^ CH2CO2H), 3.94 (m, 1 H). 4.6-5.0 (m , 3 H). 5.48 (s. 1 H. 1-H). 7.14-7.50 (m. 8 K arom. ■ 
\R (KBr: cm 1): 3396, 1710; Mass spectrum m/e (CI: CH4) 465 (1%). 393. 229. 183 (100%). Anal, calcd tor 
C22H24OgS.0.8 [H2O]: C. 55.2; H, 5.4. Found: C, 55.25; H. 5.25%. 



2-(3-(2-<a-D -Mannopvranosyloxy)phenyl)phenvl)ethanesulfonicaad 

[0148] Part A: Methyl 3-(2-(2.3:4.6-di-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)phenylacetate (1 .28 g 2 6 ' 
mrnol from Part B, EXAMPLE 10) was dissolved in ether (50 ml) and cooled to O-C. Lithium aluminum hydride (1 M 
in THF, 50 ml, 5 mmol) was added dropwise and quenched by careful addition of water, followed by ice cold dilute 
sulfunc acid. The organic layer was washed with water, then saturated sodium bicartjonate solution, dried (MgSO.) 
noKlTs^^Si) *° ^'"^ 2-(3-(2-(2,3:4.6^i-0-isopropylidene-a-D-mannopyranosyloxy)phenyl)phenyl)6tha- 

10149] Part B: 2-(3-(2-(2.3:4.6-Di-OHSopropylidene-a-D-frannopyranosyloxy)phenyl)phenyl)ethanol (0.73 g 1 6 
mmol) was dissolved in dichloromethane (50 ml) and cooled to 0"C. Triethylamine (0.33 ml. 2.4 mmol) was added 
Ibllowed by methanesulfonyl chloride (0.15 ml. 1.9 mmol). After five minutes at O-C the reaction mixture was diluted 
with dichloromethane and washed with dilute hydrochloric acid, water and saturated sodium bicartionate solution dried 
(MgS04) and concentrated in vacuotogive 2-(3-(2-(2,3:4.6-di-0-isopropyIidene-a-D-mannopyranosyloxy)phenyl)phe- 
nyl)ethanol 1-O-methanesulfonate (0.77 g, 90%). 

IPISO] Part C: 2-(3-(2-(2.3:4,6-Di-p-isopropylidene-a-D-mannopyranosyloxy)phenyl)phenyl)ethanol 1-O-meth- 
anesulfonate (0.22 g, 0.4 mmol) was dissolved in ethanol (5 ml), potassium thioacetate (0.1 g, 0.88 mmol) added and 
ttie mixture heated at 80 "C for 30 minutes. After cooling to room temperature the reaction mixture was partitioned 
between ethyl acetate and water. The organic layer was washed twice with water, dried (MgSO.) and concentrated in 
vacuo. Chromatography (silica, eluent 2:1 hexaneiethyl acetate) gave 2-mercapto-(3-(2-(2.3:4.6-di-0-isopropylidene- 
a-D-mannopyranosyloxy)phenyl)phenyl)ethaneS-acetate(0.17g, 80%). ~ 
[0151] Part D: 2-Mercapto-(3-(2-(2,3:4.6-di-p-isopropylidene-a-D-mannopyranosyloxy)phenyl)phenyl) ethane S-ac- 
etate (O.ISg, 0.29 mmol) was dissolved in methanol (1 ml). A solution of Oxone (approx. 1 meq/ml in methanol/water 
r 5 ml) was added dropwise at room temperature over the course of 90 minutes. After stirring for 7 days another portion 
of Oxone solution (1 ml) was added over the course of 60 minutes and stirring was continued for another 3 days The 
product was isolated by preparative reverse-phase HPLC on a Dynamax 300A 5 micron CI 8 column (21 x 250 mm) 
A gradient of 0-70% solvent B was mn over 20 minutes at a flow rate of 10 ml/min. where solvent B was composed of 
95 ^ acetonitnleAvater with 0.1% trifluoroaoetic acid and solvent A was composed of 5% acetonitrile/water with 0 1% 
frifluoraacetic add. The effluent was monitored at 254 nm. and pure fractions were combined and lyophilized to give 
2-(3-(2-a-D-mannopyranosyloxyphenyl)phenyl)ethanesulfonfc acid (50.8 mg. 38%); iH NMR (300 MHz D,0)- 5 7 36 
(m, 8H), 7.17 (t, 1H. J = 7.5). 5.44 (s. 1H). 3.93 (s. 1H). 3.61 (m. 1H). 3.57 (m, 4H), 3.25 (br m. 1H). 3.10 ppm m 4H)- 
Mass Spectrum m/e (CI:CH4) 279. 163; anal, calcd for C2oH24S09.2(H20], 50.4% C. 5.9% H; found: 50.4% C 6 0% H 
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EXAMPLE 15 

N-(4-(2-(a-D-Mannopyranosyloxv)phenyl)benzovl)-L-glut3micacid 

[0152] Part A: Operating in a manner analogous to Part A of EXAMPLE 9, but employing L-glutamic acid dimettiyl 
ester hydrochloride gave N-(4-(2-(2,3:4,6-di-0-isopropylldeney-a-D-mannopyranosyloxyphenyl)benzoyl)-L-glutamic 
acid dimethyl ester in 89% yield. 

[01 53] Part B: Operating in a manner analogous to Part C of EXAMPLE 8, but employing an HPLC gradient of 1 0-60% 
solvent B in 20 minutes gave N-(4-(2-(a-D-mannopyranosyloxy)phenyl)benzoyl)-L-glutamic acid in 43% yield- m p = 
118-12rC: IR (KBr): 3390. 2938, 1717. 1635. 1539. 1477. 1217. 1107. 1059. 1011 cm-l; 1H NMR (300 MHz. CD3OD): 
6 7.80 (d. 2H. J = 8.7). 7.55 (d, 2H, J = 8.4), 7.35 (m, 2H), 7.30 (d, 1H, J = 8.1), 7.18 (t. 1H. J = 7.5). 5.46 (s. 1H). 4.58 
(dd. 1H. J = 9.9, 5.7). 3.93 (s. 1H). 3.60 (m. 5H). 3.24 (brm, 1H). 2.53 (t. 2H. J = 7.2). 2.27 (m. 1H), 2.12 ppm (m. 1H); 
Mass Spectrum m/e (CI:CH4) 344, 163; analysis: calc. for C24H27NO„6.34'1/4[C2F3H02]. 54.0% C. 5.1% H, 2.6% N; 
found: 53.7% C, 5.1% H. 2.4% N. 

EXAMPLE 16 

N-(4-(2-(a-D-Mannopyranosyloxy)phenyl)benzoyl)-&-alanine 

[0154] Part A: Operating in a manner analogous to Part A of EXAMPLE 9, but employing p^lanine ethyl ester hy- 
drochloride gave N-(4-(2-(2,3:4.6-di-0-isopropylidene)-a-D-mannopyranosyloxyphenyl)benzoyl)-p-alanine ethyl ester 
in 58% yield. 

(01 55] Part B: Operating in a manner analogous to Part C of EXAMPLE 8, but employing an HPLC gradient of 0-50% 
solvent B in 20 minutes gave N-(4-(2-(a-D-mannopyranosytoxy)phenyl)ben2oyl)-p-alanine in 53% yield- m p = 
101-104°C; IR (KBr): 3397. 2938. 1717. 1635. 1539. 1484. 1217. 1107. 1066. 1011 cm I; NMR (300 MHz. D2O) : 
6 7.75 (d. 2H. J = 8.1), 7.54 (d, 2H, J = 7.8), 7.35 (m, 3H), 7.19 (t, 1H, J = 7.5), 5.47 (s, 1H), 3.93 (s, 1H), 3.64 (m, 7H), 
3.26 (br m, 1 H), 2.69 ppm (t, 2H. J = 6.4); Mass Spectrum m/e (CliCHt) 448, 286. 163; analysis: calc. for CaaHzgNOo'l^ 
[C2F3HO2I. 56.1% C. 5.3% H. 2.9% N; found: 56.1% C, 5.1% H, 3.0% N. 

EXAMPLE 17 

3-(3-(a-D-Mannopyranosyloxymethyl)phenyl)phenylaceticacid 

(01561 Part A: a-Bromobenzyl alcohol (2.0 g, 10.7 mmol) was dissolved in dry THF (50 ml) in a dry 100 ml flask 
flushed with nitrogen. The mixture was chilled in a dry ice/acetone bath. n-Butyl lithium (11 ml of a 2.13 M solution in 
hexane, 23.5 mmol) was added. The reaction was warmed to room temperature for 1 hour, then cooled in an ice water 
bath. Trimethyl borate (1 .3 ml, 11 .2 mmol) was added and the mixture was stirred at room temperature overnight, then 
treated with 2 N aqueous HCI to pH 2. and stirred for 3 hours. Brine (15 ml) was added, and the mixture was extracted 
with ethyl acetate (3x15 ml). The organic materials were combined, dried (MgS04) then concentrated under reduced 
pressure which gave of 3-hydroxymethylbenzeneboronic acid (98%) as a dear oil. 

[0157] 3-Hydroxymethylben2eneboronic acid (1 .8 g. 11 .8 mmol), 3-bromophenylace8c acid (2.55 g, 11 .8 mmol), tri- 
basic potassium phosphate, (7.54 g, 35.5 mmol), DMF (55ml), and water (20 ml) were degassed under nitrogen in a 
250 ml flask fitted with a reflux condenser. BisItriphenylphosphine]palladium(ll) chloride (0.17 g. 0.24 mmol) was added. 
The mixture was degassed under nttrogen, and heated at QCC ovemight, then acidified with 2 N HCI. mixed with brine 
(15 ml), and extracted with methylene chloride (3 x 1 5 ml). The organic materials were combined, dried (MgS04). ttien 
concentrated under reduced pressure which gave 3.0 g of 3-(3-hydroxymethylphenyl)phenyl acetic add. 
[01 58] 3-(3-Hydroxymethylphenyl)phenyl acetic acid (3.0 g, 1 2.4 mmol), methanol (50 ml) and concentrated sulfuric 
acid (10 drops) were heated at reflux overnight in a 100 ml flask, quenched with saturated sodium bicartx)nate solution, 
diluted with water (10 ml), extracted with methylene chloride (3x15 ml), washed with brine (1x15 ml), dried (MgS04),' 
and concentrated under reduced pressure. The residue was purified by flash chromatography (SiOj, 5:1/hexane:ethyl 
acetate) which gave 0.90 g (30% from 3-bromophenyl acetic add) of methyl 3-(3-hydroxymethylphenyl)phenyl acetate. 
[0159] Part 8: Methyl 3-(3-hydroxymethylphenyl)phenyl acetate (0.87 g, 3.4 mmol) was dissolved in 1,2-dichlo- 
roethane (17 ml) in a dry 50 ml flask. D-Mannose pentaacetate (1.66 g, 4.24 mnrxjl) was added in one portion, then 
borontrifluoride etherate (1.46 ml. 11 .9 mmol) was added slowly. The mixture was stirred under nitrogen ovemight at 
room temperature, then mixed with H2O (50 ml). The organic material was separated and the aqueous portion was 
extraded with methylene chloride (3x10 ml). The extrads were combined with the original organic fraction, dried 
(MgS04). then concentrated under reduced pressure. The residue was purified by flash chromatography (SiOz, gradient 
elufion hexane:ethyl acetate/3: 1) which provided 1.50 g (75%) of methyl 3-(3-(2.3.4.6-tetra-0«cetyl-a-D-mannopyran- 
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osylmethyl)phenyl)phenyl acetate contaminated with a small amount of unreacted D-mannose pentaacetate which co- 
eluted with the product. 

[0160] Part C: Methyl 3-(3-(2.3.4.6-tetra-0-acetyl-a-D-mannopyranosylmethy«)phenyl)phenyl acetate. (1.0 g, 1.7 
mmol was dissolved In acetonitrile (10 ml) in a 50 ml flask, and treated with a solution of lithium hydroxide monohydrate 

s (0.72 g, 17.0 mmol) in water (8 ml). The mixture was stirred at room temperature overnight then acidified to pH 3.5 
with concentrated hydrochloric acid. The mixture was concentrated under reduced pressure and the residue was pu- 
rified fay HPLC (reverse phase C18. gradient elution 10-70% acetonitrile in water (0.1 % trifluoroacetic acid), monitored 
at 254 nm) which gave 3-(3-(a-D-mannopyranosyloxymethyl) phenyI)phenylaceUc acid (0.50 g. 73%); mp 74 -75°C; i H 
NMR: (300 MHz. DMSO-dg) 7.20 - 7.60 (comp, 8H), 4.73 (d. 2H. J = 12). 4.71 (s. 1 H). 4.50 (d, 2H. J = 1 2), 3.25 - 3.75 

10 (comp.llH plus water) ppm; IR (KBr): 3394. 2934. 1715, 1366. 1220, 1130. 1060 crrri; analysis: calculated for 
C2iH24Oa'0.15(C2HF3O2l: 60.69 C. 5.77 H; found: 60.60 C. 5.99% H. 

[0161] Part D: 3-(3-(a-D-mannopyranosyloxymethyl)phenyl)phenylacetic acid (0.05 g. 0.1 2 mmol), methanol (10 ml), 
and concentrated sulfuric acid (2 drops) were heated reflux for 1 hour in a 25 ml flask, then quenched with saturated 
sodium bicartoonate solution, diluted with water (5 ml), extracted with methylene chloride (3x5 ml), washed with brine 
15 (10 ml), dried (MgS04), concentrated under reduced pressure. The residue was purified by flash chromatography 
(SiOz, 5:1/methylene chloride.methanol) which gave methyl 3-(3-(a-0-mannopyranosyloxymethyl)phenyl)phenylaoe- 
tate (0.04 g. 77%); 1H NMR: (300 MHz. DMSO-dg) 7.2-7.6 (oomp. 8H). 4.70 (s, 1H). 4.49-4.80 (comp. 7H). 3.75 (s, 
2H), 3.62 (s. 3H). 3.30-3.50 (oomp, 5H) ppm; IR: 3383, 1738, 1135, 1066 curl. 



20 EXAMPLE 18 



Ethyl 3-(3-<2-a-D-mannopvranosyloxyphenyl)pheriyl)propylphosphonate 

[0162] Part A: A solution of 2-(3-(2-(2,3:4.6-di-0-isopropylidine)-«-D-fnannopyranosyloxyphenyl)phenyl)ethanol 
(1.12 g, 2.46 mmol) in dichloromethane (15 ml) was added slowly to a suspension of Dess-Martin periodinane (4.95 
g, 11.7 mmol) in dry dichloromethane (5 ml), and the reacta'an was stined at room temperature overnight. The mixture 
was then diluted with ether and filtered; the filtrate was washed twice with saturated sodium bicartxinate solution and 
once with brine, then dried with magnesium sulfate. The solvent was removed in vacuo and the rasidue was purified 
by silica gel chromatography (4:1 hexane:ethyl acetate) to aflbnd 2-(2-(2,3:4,6-di-0-isopropylidine)-a-D-mannopyran- 
osyloxyphenyl)phenylethanal (0.63 g. 57%). 

[0163] Part B: Tetraethylmethylenediphosphonate (0.37 g, 1 .28 mmol) was dissolved in dry tetrahydrofuran (3.6 ml) 
under a blanket of nitrogen and the solution was cooled to -78'>C. A 0.5 M solution of potassium hexamethyldisilazide 
in toluene (2.56 ml, 1 .28 mmol) was added dropwise, and the reaction was stirred for 10 minutes. A solution of 2-(2-(2.3: 
4.6-di-0-isopropylidine)-«-D-mannopyranosyloxyphenyl)phenylethanal (0.58 g . 1 .28 mmol) in tetrahydrofuran (3.8 ml) 
was then added, and the reaction was allowed to warm to room temperature as it stin^ overnight. Water was then 
added and the mixture was extracted with ethyl acetate. The extracts were washed with water. 1 N HCI, saturated 
sodium bicarbonate solution, brine, then dried over magnesium sulfate. The solvent was removed in vacuo and the 
residue was purified by silica gel chnamatography ( 1 :2 hexane:ethyl acetate) to affoixl diethyl 3-(3-<2-a-D-mannopyran- 
osyloxyphenyl)phenyl)prop-1-enylphosphonate (0.46 g. 63%). 

[0164] Part C: Diethyl 3-(3-(2-(2,3:4,6-di-0-isopropylidine)-a-D-mannopyranosyloxyphenyl)phenyl)prop-1-enyl- 
phosphonate (0.46 g, 0.80 mmol) was dissolved in ethanol (25 ml) and hydrogenated (40 psi H2, 10% Pd/C) for 3 
hours. The suspension was filtered through celite and the filtrate concentrated under reduced pressure to afford diethyl 
3-(3-(2-(2.3:4.6-si-g-ispeopylisine)-a-D-mannopyranosyloxyphenyl)phenyl)propylphosphonate (0.46 g. quantitative). 
[0165] Part D: Diethyl 3-{3-(2-(2,3:4,6-di-0-isopropylidine-a-D-mannopyranosyloxyphenyl)phenyl)propylphospho- 
nate (0.23 g. 0.40 mmol) was dissolved in methanol (2 ml). 2 N Hydrochloric acid (0.5 ml) was added and the reaction 
was stirred overnight The solution was brought to pH 10 by the addition of 2 N NaOH and allowed to stir at room 
temperature for 3 hours. The reaction was heated at eO'C for 18 hours, then at 80°C for 116 houre. The solution was 
then cooled and acidified with 1 N HCI . and the product was isolated by preparative reverse-phase HPLC on a Dynamax 
300A 5 micron CIS column (21.4 x 250 mm) at a flow rate of 10 ml / min. An eluUon gradient of 0-50% solvent B over 
20 minutes was used, with solvent B composed of 95% acetonitrile / water. 0.1% trifluoroacetic acid and solvent A 
composed of 5% acetonitrile / water. 0. 1 % trifluoroacetic acid. The effluent was monitored at 254 nm. and pure fractions 
were combined and lyophilized to yield (76.4 mg. 40%) of ethyl 3-(3-(2-a-D-mannopyranosyloxyphenyl)phenyl)propyl- 
phosphonate as a white solid. M.P.: 67-70''C; IR (KBr) : 3404. 2931. 1478. 1454. 1423. 1222. 1108. 1043 1008 976 
797. 752. 706 cnr^: NMR (300 MHz. DjO) : d 7.25 (m. 8 H). 5.41 (s. 1 H). 3.88 (m, 3 H). 3.61 (m, 4 H), 3.26 (m 1 H)' 
2.64 (m. 2 H). 1 .78 (m, 2 H). 1 .66 (m, 2 H). 1 .16 (t. 3 H, J = 6.9). 
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EXAMPLE 19 

3-(2-a-D-Mannopyranosyloxyphenyl)phenylacetonitrile 

5 [0166] Part A: In a 50 ml flask, 5.19 g (20.77 mmol) 3-bromobenzyl bromide was dissolved in methanol (25 ml) and 
treated with a solution of sodium cyanide ( 1 .29 g. 26.3.mmol) In water (5 ml) and the mixture was heated at reflux for 
3 hours then concentrated under reduced pressure. The residue was dissolved in methylene chloride (20 ml) and 
washed with water (2 X 25 ml), saturated sodium chloride (25 ml), dried (MgS04) then concentrated under reduced 
pressure which provided 4.01 g (98%) of 3-cyanomethyl bromobenzene as a dear oil. 

10 [01 67] The crude nitrite in OME (1 0 ml) was added to a mixture of 2-hydroxybenzene boronic acid (2.9 g, 2 1 mmol), 
potassium phosphate tribasic (13.4 g, 63 mmol) and bis[triphenytphosphine]pall3dium (II) chloride (0.3 g, 0.42 mmol) 
in DME (90 ml) and the mixture was degassed under nitrogen, then heated at reflux for 3 hours under nitrogen. The 
reaction was mixed with water (150 ml) and the aqueous was brought to pH 4 with 2N HCI, then the mixture was 
extracted with ethyl acetate (3X15 mL). The organic materials were combined, dried (MgS04) then concentrated 

15 under reduced pressure which provided 3.8 g (89%) of 2-(3-cyanomethylphenyl)phenol. An analytical sample vwis 
obtained by recrystallization from ethyl acetate, which gave a white solid m.p.: 113-114°C. 

[0168] Part B: 2-(3-Cyanomethylpihenyl)phenol (0.5 g, 2.39 mmol) was dissolved in 1 ,2-dichloroethane (10 ml) then 
a-D-mannose pentaacetate (1.4 g, 3.6 mmol) and borontriftuoride etherate (1.05 ml. 8.4 mmol) were added, and the 
mixture was stirred at room temperature overnight then mixed with water (20 ml). The organic material was separated, 

20 washed with saturated sodium chloride ( 1 5 ml), dried (MgS04) then concentrated under reduced pressure. The residue 
was purified by flash cbromatography (SiOj, 3:1 hexane /ethyl acetate) which gave 1 .38 g (105%) of the desired product 
contaminated with a small amount of unreacted mannose pentaacetate which coeluted with the product. 
[0169] Part C: 3-(2-(2,3,4,6-Tetra-0-acetyl)-a-D-mannopyranosyloxyphenyl)phenylacetonitrile (0.82 g. 1.52 mmol) 
was dissolved in THF (10 ml) then a solution of lithium hydroxide monohydrate (0.5 g, 12.0 mmol) in water (2 ml) was 

25 added and the mixture was stirred at room temperature ovemight then concentrated under reduced pressure. The 
residue was acidified to pH 4 with 2N HCI and purified by reverse-phase HPLC (0,3, gradient eiution 0 to 50% ace- 
tonitrile in water (0.1% TFA). monitored at 254 nm) which gave 202 mg (37%) of 3-(2-a-0-mannopyranosyloxyphenyl) 
phenylacetonitrile as a white solid, m.p.: 70-7200. NMR (300 MHz, DMSO-de): 7.10-7.50 (comp, 8H). 5.38 (s, 1H), 
4.02 (s, 2H), 3.25-3.90 (camp). IR (KBr): 3424. 2934, 2258, 1477, 1425, 1 220, 1109, 1009, 975. 756. MS (CI): m/e 372 

30 (M* + 1), 228. 115. Analysis: Calculated for CigH2iNO6'0.3 TFA: 61.00%C, 5.29%H, 3.45%N. Found: 61.03%C, 
5.53%H, 3.49%N. 

EXAMPLE 20 



[0170] Part A: 2,2'-Oihydroxybiphenyl (1 .0 g, 5.37 mnwl) was dissolved in THF (5 ml) in a dry 50 ml flask flushed 
with nitrogen. Sodium hydride (0.24 g of a 60% suspension in mineral oil, 5.91 mmol) was added in one portion and 
the mixture was stirred at room temperature for 30 minutes. Ethyl bromoacetate (0.61 ml, 5.5 mmol) was added and 
40 the mixture was stirred ovemight at room temperature, then warmed at reflux for 30 minutes, cooled then quenched 
with saturated ammonium chloride. The mixture was extracted with ether, and the organic materials were combined, 
dried (MgS04) then concentrated under reduced pressure. The residue was purified by flash chromatography (SiOg. 
gradient eiution: hexane to 3:1 hexane /ethyl acetate) which gave 0.89 g (61%) of ethyl 2-(2'-hydroxyphenyl)phenoxy- 
acetate. 

45 [0171] Part B: Ethyl 2-(2'-hydroxyphenyl)phenoxyacetate (0.75 g, 2.75 mmol) was dissolved in 1 .2-dichloroethane 
(10 ml) then a-D-mannose pentaacetate (2.15 g. 5.51 mmol) and borontrifluoride etherate (1.73 ml, 13.8 mmol) were 
added, and the mixture was stin-ed at room temperature ovemight then mixed with water (20 ml). The organic material 
was separated, washed with saturated sodium chloride (15 ml), dried (MgS04) then concentrated under reduced pres- 
sure. The residue was purified by flash chromatography (SiOg, 3:1 hexane /ethyl acetate) which gave 1 .11 g (64%) of 

50 the desired product contaminated with a small amount of unreacted mannose pentaacetate which coeluted with the 
product. 

[0172] Part C: Ethyl-2-(2'-(2.3.4,6-tetra-0-acetyl)-a-D-fnannopyranosyl- oxyphenyl)phenoxyacetate (1.1 g. 1.84 
mmol) was dissolved in THF (10 ml) then a solution of lithium hydroxide monohydrate (0.53 g. 12.6 mmol) in water (3 
ml) was added and the mixture was stirred at room temperature ovemight then concentrated under reduced pressure. 
55 The residue was acidified to pH 4 with 2N HCI and purified by reverse-phase HPLC (0,8. gradient eiution 0 to 50% 
acetonitrile in water (0.1% TFA). monitored at 254 nm) which gave 202 mg (37%) of 2-(2'-a-D-mannopyranosyloxy- 
phenyl) phenoxyaoetic add as a white solid, m.p.: gs-gs-CC. ^H NMR (300 MHz. OMSO-dg): 6.85-7.35 (comp, 8H), 
5.25is. IN). 4.60 (S.2H), 3.25-4.20 (comp. 11H). IR (KBr): 3417, 2934, 1735, 1481, 1443, 1215, 1107, 1067.978,755. 
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MS (CI): m/e 407 (M* + 1), 245, 199, 115. Analysis: Calculated for CzoHaaOgKj.S TFA. 0.3 HoO: 55.70%C. 5.18%H 
Found: 55.80%C. 5.47%H. 

EXAMPLE 21 

5 

3-(2-a-D-Mannopyranosvloxyphenyl)-5-methyl-phenoxyacetlcacid 

[0173] Part A: 3-Bromo-4-methylphenol (1.4 g, 7.5 mmol) was dissolved in acetone (15 ml) in a dry 25 ml flask. Ethyl 
bromoacetate (0.96 ml. 8.66 mmol). then potassium carbonate (1.03 g. 7.5 mmol) and potassium iodide (25 mg) were 

« added and the reaction mixture was stirred at reflux for 1 hour, then cooled and concentrated. The residue was mixed 
with water (1 5 ml) and ethyl acetate ( 1 0 ml). The organic material was separated, then dried (MgS04) and concentrated 
under reduced pressure. The residue was dissolved in hexane and filtered through silica gel and concentrated to give 
2.1 g (100%) of ethyl 3-bromo-4-methylphenoxyacetate which was used without further purification. 
£0174] Part B: Ethyl 3-bromo-4-methylphenoxyacetate (0.5 g. 1 .83 mmol), tetrakis(triphenylphosphine)palladium (0) 

IS (17 mg), potassium phosphate (0.55 g, 2.6 mmol) and dimethylfonnamide (8 ml) were degassed under nitrogen in a 
25 ml flask fltted with a reflux condenser. 2-HydFoxybenzene boronic acid (0.3 g, 2.0 mmol) in dimethylformamide (1 
ml) was added and the mixture was heated at reflux overnight then mixed with water (25 ml) and extracted with meth- 
ylene chloride (3X3 ml). The organic materials were separated, dried (MgSQ^) then concentrated under reduced 
pressure. The residue was purified by flash chromatography (SiOj. gradient hexane to 3:1 hexane / ethyl acetate) 

20 which provided 1 30 mg (25%) of ethyl 3-(2-hydroxyphenyt)-4-methylphenoxy acetate. 

{0175] Part C: Ethyl 3-(2-hydroxyphenyl)-4-methylphenoxy acetate (130 mg, 0.454 mmol) was dissolved in 
1.2-dichloroethane (2 ml) in a dry 10 ml flask. a-D-Mannose pentaacetate (0.4 g, 0.9 mmol) was added in one portion, 
then borontrifluoride etherate (0.3 ml, 2.3 mmol) was added slowly. The mixture was stined under nitrogen ovemight 
at room temperature then mixed with water (15 ml). The organic material was separated and the aqueous portion was 

25 extracted with dichloromethane (3X1 ml). The extracts were combined with ttie original organic fraction, dried (MgS04) 
then concentrated under reduced pressure. The residue was purified by flash chromatography (SiOz. gradient elution 
hexane to 3 : 1 hexane /ethyl acetate) which provided 0.42 g (>100 %) of ethyl-3-(2-(2.3.4.6-tetra-gacetyl)-a-D-man- 
nopyranosyloxyphenyl)-4-methylphenoxy acetate contaminated with a small amount of unreacted a-D-mannose pen- 
taacetate which coeluted with the product. 

30 [0176] PartD: Ethyl-3-(2-(2.3.4,6-tetra-0-acetyl)a-D-mannopyranosyloxyphenyl)-4-methylphenoxy acetate (2.74 g, 
4.78 mM) was dissolved in acetonitrile (10 ml), and treated with a solution of lithium hydnjxide monohydrate (0.25 g. 
5.95 mmol) in water (2 ml) and the mixture was stin-ed at room temperature ovemight then acidified to pH 2 with 
concentrated hydrochloric add. The mixture was concentrated under reduced pressure and the residue was purified 
by HPLC (reverse-phase, gradient elution 5-50% acetonitrile in water, monitored at 254 nm) which gave 101 mg g 

3S (53%fromethyl-3-(2-hydroxyphenyl)-4-methylphenoxyaoetate)of3-(2^-D-fnannopyranosyloxyphenyl)^-methylphe- 
noxy acetic add, m.p. 87-89''C. 'H NMR (300 MHz. DMSO-de): 7.32 (s. 2H). 7.05-7.18 (comp, 3H), 6.80 (comp. 1 H), 
6.60 (brs, 1H). 5.31 (brs. 1H). 5.11(brs, 1H), 4.9 (brs. 1H).4.60(s, 2H). 4.59 (br s. 1H). 3.10-3.72 (comp. 7H).200 
(S. 3H). IR (KBr): 3424. 2931. 1735. 1984. 1219, 1193, 1068. 1010. 976. 757. MS (CI): m/e 421 (M+ + 1). 259. 241, 
213, 163. 145, 127. 115. Analysis: Calculated fbrC2iH24O9.0.3TFA: 57.07%C. 5.39%H. Found: 56.90%C. 5.57%H. 

EXAMPLE 22 

3-(2-Methoxy-5-(3-(2-a-D-mannopyranosyloxyphenvn-2-phenylacetophenone))phenylaceticadd 

*5 [0177] Part A: Methyl 3-(2-methoxyphenyl)phenyl acetate (0.82 g. 3.2 mmol) and 3-bromophenylacetic add chloride 
(0.77 g, 3.3 mmol) were dissolved in dichloroethane (11 ml) and chilled in an ice bath. Aluminum chloride (0.88 g. 6.6 
mmol) was added in one portion and the mixture was wanned at 50°C for 15 minutes then mixed with ice water (20 
ml). The organic materials were separated, dried (MgS04), then concentrated under reduced pressure which gave 
1.68 g of methyl 3-(2-methoxy-5-(3-bromophenyl-2-phenylacetophenone))phenyl acetate as a yellow oil which was 

so used without further purification. The crude halide was mixed with 2-methoxyphenylboronic acid (0.54 g, 3.55 mmol) 
in toluene (20 ml), then tetralds(triphenylphosphine)palladium (0) (120 mg, 3 mol%) and aqueous sodium cariDonate 
(6 ml of a 2N solution) were added and the mixture was degassed under nitrogen. The mixture was then heated at 
reflux for 14 hours then mixed with water (100 ml), and the mixture was extracted with ethyl acetate (3X8 ml). The 
organic materials were combined, washed with saturated sodium chloride (15 ml), dried (MgS04) then concentrated 

55 under reduced pressure. The residue was purified by flash chromatography (SiOa, gradient elution hexane to 3:1 
hexane/ethyl acetate) which gave 1.57 g (77%) of methyl 3-(2-methoxy-5-(3-(2-methoxyphenyl)-2-phenylacetophe- 
none))phenylacetate as a dear oil. 

[0178] Part B: Methyl 3-(2-methoxy-5-(3-(2-methoxyphenyl)-2-phenylacetophenone))pheny«acetate (0.68 g. 1.42 
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mmol) was dissolved in dichloromethane (5 ml) under nitrogen, and chilled in a drynce / 2-propanol bath. Boron tribro- 
mide (0.8 ml, 8.5 mmol) was added slowly drop^ise and the mixture was kept at 0°C for 1 hour, then mixed with ice- 
water (25 ml). The organic material was separated, washed with saturated sodium bicarbonate solution (10 ml), water 
(10 ml), saturated sodium chloride (10 ml) then dried (MgS04) ^nd concentrated under reduced pressure which gave 

5 0.73 g of methyl 3-(2-methoxy-5-(3-(2-hydroxyphenyl)-2-phenylacetophenone))phenyl acetate as a clear oil. The crude 
phenol was dissolved in dichloroethane (10 mi) and a-O-mannose pentaacetate (1.8 g, 4.5 mmol) was added in one 
portion, then tx)ron trifluoiide etherate (1.0 ml. 7.S mmol) was added slowly. The mixture was stirred under nitrogen 
ovemight at room temperature then mixed with water (25 ml). The organic material was separated and the aqueous 
portion was extracted with dichloromethane (3X2 ml). The extracts were combined with the original organic fraction, 

10 dried (MgS04) then concentrated under reduced pressure. The residue was purified by flash chromatography (SiOj, 
gradient elution hexane to 3 : 1 hexane / ethyl acetate) which provided 0.8 g (73%) of methyl 3-(2-methoxy- 
5-(3-(2-(2,3,4,6-tetra-0-acetyl)-a-D-mannopyranosyloxyphenyl)-2-pheny1acetophenone))phenyl acetate contaminat- 
ed with a small amount of unreacted a-D-mannose pentaacetate which coeiuted with the product. 
[0179] Part C: Methyl 3-(2-methoxy-5-(3-(2-(2.3,9,6-tetra-0-acetyl)-a-D-mannopyranosyloxy phenyl)-2-phenylace- 

is tophenone))phenyl acetate (0.8 g, 1 .0 mmol) was dissolved in tetrahydrofuran (6 ml), and treated with a solution of 
lithium hydroxide monohydrate (0.25g, 6.0 mmol) in water (3 ml). The mixture was stirred at room temperature ovemight 
then acidified to pH 2 with concentrated hydrochloric acid and concentrated under reduced pressure. The residue was 
purified by HPLC (reverse-phase, gradient elution 5^0% acetonitrile in water, monitored at 254 nm) which gave 134 
mg (22%) of 3-(2-methoxy-5-(3-(2-a-D-mannopyranosytoxyphenyl)-2-phenylacetophenone))phenyl acetic add as a 

20 white solid, m.p. 122-125''C. <H NMR (400 MHz, OMSO-dg): 8.13 (dd, J = 8.8, 2.2 Hz, 2H), 7.95 (d, J = 2.2 Hz, 1H), 
7.22-7.43 (Comp. 12H), 7.09 (mult, 1H), 5.34 (d, J = 1.5 Hz. 1H), 4.44 (dd. J = 19. 15.8 Hz. 1H), 4.16 (br s, 4H). 3.85. 
(s. 3H). 3.70 (comp. 1H). 3.62 (s, 2H), 3.34-3.55 (comp, 3H). 2.07 (s, 2H). IR (KBr): 3415, 1713, 1669. 1597. 1269. 
1217, 1135, 1016. MS (CI): m/e453 (M* minus CfiH^Os). 

25 EXAMPLE 23 

3-(2-a-D-Mannopyranosyloxyphenyl-5-(2-(3-(2-a-0-mannopyranosyloxyphenyl)phenyl)ethyl)phenylacetic acid 

[0180] Part A: Methyl 3-(2-methoxy-5-(3-<2-methoxyphenyl)-2-phenylacetophenone))phenyl acetate (2.25 g, 4.68 

30 mmol) was dissolved in DMSO (15 ml) and the solution was treated with aqueous potassium hydroxide (2.5 ml of a 2 
N solution) then stirred at 60'C under nitrogen for an hour. The mixture was cooled to room temperature and treated 
with hydrazine hydrate (0.4 ml, 1 1 .7 mmol), then heated at 60°C for an additional hour. Potassium tert-butoxide (1 .31 
g, 11.7 mmol) was added and the temperature was increased to 100°C. After 18 hours the mixture was cooled, mixed 
with water (50 ml) and acidified to pH 4 with 2N HCI. The mixture was saturated with sodium chloride and extracted 

35 with THF/ethyl acetate (1 :1 ) and the extracts were combined, dried (MgS04) then concentrated under reduced pressure 
which gave 2.29 g of a daric oil. The crude product was dissolved in dichloromethane (25 ml) and cooled in a dry-ice 
/ 2-propanol bath. Boron tribromide (2.4 ml, 25 mmol) was added dropwise and the mixture was stirred at -78''C for 2 
hours, warmed to 0°C for 2 hours then recooled to -78°C for quench with water. The mixture was concentrated under 
reduced pressure and the residue was partitioned between THF and saturated sodium chloride. The organic material 

40 was separated, dried (MgSO^) then concentrated. The residue (2.63 g) was dissolved in methanol (30 ml) and 5 drops 
of concentrated sulfuric acid were added and the mixture was refluxed ovemight then concentrated. The residue was 
purified by flash chromatography (SiOz, gradient elution hexane to 3: 1 hexane/ethyl acetate) which gave 0.89 g (43%) 
of methyl 3-(2-hydroxyphenyl-S-(2-(3-(2-hydroxyphenyl)phenyl) ethyl))phenyl acetate as a clear oil. 
[0181] Part B: Methyl 3- (2-hydroxyphenyl-5-(2-(3-(2-hydraxyphenyt) phenyl)ethyl))phenyl acetate (0.69 g, 1.57 

''5 mmol) was dissolved in dichloroethane (10 ml) and a-D-mannose pentaacetate (1.6 g, 4.5 mmol) was added in one 
portion, then boron trifluoride etherate (2.3 mi, 18.8 mmol) was added slowly. The mixture was stirred under nitrogen 
ovemight at room temperature then mixed with water (50 ml). The organic material was separated and the aqueous 
portion was extracted with dichloromethane (3X2 ml). The extracts were combined with the original organic fraction, 
dried (MgS04) then concentrated under reduced pressure. The residue was purified by flash chromatography (Si02, 

50 gradient elution hexane to 3 : 1 hexane / ethyl acetate) which provided 1 .38 g (66%) of methyl 3-(2-(2,3.4,6-tetra-0- 
acetyl)-a-D-mannopyranosyl oxyphenyl-5-(2-(3-(2-(2,3,4,6-tetra-0-acetyl)-a-D-mannopyranosyl oxyphenyl)phenyl) 
ethyl))phenyl acetate as a foam. The product was dissolved in acetonitrile (5 ml) and treated with a solution of lithium 
hydroxide hydrate (0.24 g, 5.6 mmol in 5 ml water) and stirred at room temperature ovemight then acidified to pH 3 
with concentrated HCI and concenta^ated under reduced pressure. The residue was purified by reverse-phase HPLC 
(Cie> gradient elution 0 to 50% acetonitrile in water (0.1% TFA), monitOf«d at 254 nm) which gave 142 mg (18%) of 
3-(2-a-D-mannopyranosyloxyphenyl-5-(2-(3-(2-a-D-mannopyranosyloxyphenyl)phenyl)ethyl))phenyl acetic add as a 
wrtiite solid, m.p.: 129-1 34»C. ""H NMR (400 MHz, DMSO-dg): 7.10-7.40 (comp. 15H). 5.33 (d. J= 1.7 Hz, 1H). 5.27 (d. 
J= 1.7 Hz, 1H), 3.30-3.70 (comp. 14H, plus HjO). 2.92 (2. 4H). IR (KBr): 3410, 2935. 1710, 1478. 1222. 1113. 1064. 
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1011. 977. MS (CI): m/e 425 (M* minus C^z'^zoOwl Analysis: calculated for C^HaaO^' 2.2 H,0: 60.94% C 6 19% 
H. Found: 60.70% C, 5.84% H. 

EXAMPLE 24 

2.6-Dlmethyl-4-(2-a-D-mannopyranosyloxyphenyl)phenoxy acetic add 

10182] Part A: 4-Bromo-2,6-dimethylphenol (8.0 g, 39.8 mM) was dissolved in toluene (80 ml) in a 250 ml flask. 
Potassium bis (trimettiylsilyl) annide (80 ml. 39.8 mM) was added followed by tris (2-(2-methoxyethoxy)ethyl) amine 
(1 .3 ml. 4.0 mM). and stirred under nitrogen for 45 minutes. Ethyl bromoacetate (5 ml. 43.8 mM) was added, and stirred 
at room temperature overnight. The reaction mixture was mixed with saturated ammonium chloride solution (30 ml), 
and extracted with ethyl acetate (3 x 50 ml). The organic materials wer« combined, dried (MgS04>. and concentrated 
under reduced pressure. The residue was flushed through silica gel with hexane / ethyl acetate (10 : 1), and concen- 
trated which provided 1 1 .3 g (99%) of ethyl 4-bromo-2.6-dimethylphenoxyacetate . ^ H NMR (400MHz,CDCl3)- 7 1 3 (s 
2H), 4.35 (S.2H). 4.26^.31 (q,2H). 2.25 (s.6H). 1 .23-1 .33 (t. 3H) ppm. IR (NaCI) : 2987. 1749. 1470. 1287. 1192 cm-i.' 
[0183] Part B: 2-Hydroxybenzene boronic add (2.0 g. 14.5 mM). ethyl 4-bromo-2.6-dimethylphenoxyacetate (4.2 g 
14.5 mM), potassium phosphate, tribasic (7.7 g. 36.3 mM), and DME (30 ml) were degassed under nitrogen in a 100 
ml flask fitted with a reflux condenser. Bis (triphenylphosphine) palladium (II) chloride (0.20 g. 0.3 mM) was added. 
The mixture was degassed under nitrogen, and heated at SO'C overnight, then mixed with brine (20 ml), and extracted 
with ethyl acetate (3 x 20 ml). The organic materials were combined, dried (MgS04). *en concentrated under reduced 
pressure. The residue was purified by flash chromatography (SiOa. 10:1/ hexane : ethyl acetate) which gave 1 .08 g 
(23%) of ethyl 2.6-dimethyl-4-(2-hydroxyphenyl)phenoxyacetate. NMR (500 MHz, CDCI3): 7.21-7.29 (oomp 6H) 
4.48 (s. 2H). 4.32-4.37 (q. 2H), 2.38 (s. 6H), 1.35-1.39 (t. 3H) ppm. IR (NaCI) : 3438. 1738. 1484 1443 1203 1176' 
irtftn ' ' ' 



C0184] Part C: Ethyl 2,6-Dimethyl-4-(2-hydroxyphenyl)phenoxyacetate (1.08 g. 3.6 mM) was dissolved in 1 .2-dichlo- 
roethan (10 ml) in a dry 50 ml flask. a-D-Mannose pentaaoetate (1.75 g, 4.5 mM) was added in one portion, then 
borontrifluoride etherate ( 1 .3 ml. 10.8 mM) was added slowly. The mixture was stined under nitrogen overnight at room 
temperature, then mixed with water (30 ml). The organic material was separated and the aqueous portion was extracted 
v«th dichloromethane (3 x 10 ml). The extracts were combined with the original organic fracUon. dried (MgS04), then 
concentrated under reduced pressure. The residue was purified by flash chromatography (SiO,, 10:1/ hexane - ethyl 
acetate) which provided 2.4 g (95%) of ethyl 2.6-dimethyI^2-(2.3,4.6-tetra-0-acetyl)-a-D-annopyranosyloxyphenyl) 
phenoxyacetate contaminated with a small amount of unreacted o-D-mannose pentaacetate which coeluted with ttic 
product. 1H NMR (500 MHz. CDCI3): 7.11-7.35 (oomp. 6H), 5.42 (s. 1H), 4.47 (s. 2H), 4.29-*.34 (comp 2H) 2 36 (s 
6H). 2.17-2.18 (comp.SH), 1.97-2.14(7H), 1 .32-1 .35 (comp. 3H) ppm. IR (NaCI) : 2972. 1752. 1471, 1436. 1375 121o' 
1176, 1142, 1080, 1032, 970 cm-1. . . . . 

[0185] Part D: ethyl 2,6-Dimethyl-9-(2-(2.3.4.6-tetra-0-acetyl)-a-D-mannopyranosyloxyphenyl)phenoxyacetate (2.4 
g. 3.8 mM) was dissolved in acetonitrile (10 ml) in a 50 ml flask, and treated with a solution of lithium hydroxide mono- 
hydrate (1 .5 g. 38.0 mM) in water (20 ml), and the mixture was stirred at room temperature overnight Acetonitrile was 
evaporated under reduced pressure. The residue was addified to pH 2 with concentrated hydrochloric add, then pu- 
nfied by HPLC (reverse-phase, gradient elution 1 0-60% acetonitrile in water, monitored at 254 nm) which gave 0 88 a 



EXAMPLE 25 



2.6-Dimet hyl-4-(3-a-D-mannopyranosyloxvmethylphenvl)phenoxyaoeticadd 

101 86] Part A: Operating as in Part 8 in EXAMPLE 21 . but employing 3-hydroxymethyl benzene boronic acid gave 
ethyl 2.6-dimethyl-4-(3-hydroxymethylphenyl)phenoxy acetate in 30% yield. 

[0187] Part 8: Operating as in Part C in EXAMPLE 21. but employing 2.6-dimethyl-4-(3-hydroxymethylphenyl)phe- 
noxyethylacetate gave ethyl 2. 6-dimethyl-4-(3-(2.3.4.6-tetra-g-acetyl)-a-D-mannopyranosyloxybenzyl)phenoxyace- 
tate in 1 1 8% yield. The desired product was contaminated with a small amount of unreacted a-D-mannose pentaacetate 
which coeluted with the product. 

[01 88] Part C: Operating as in Part D in EXAMPLE 2 1 . but employing ethyl 2.6-dimethyl-4-(3-(2.3.9.6-tetra-0-acetyl)- 



1080 cm -1. 



ir\ li\or;: o'toi. i£»ji, i/^jo, 14/^7. izi7. 1176. 1107, 1066, 1011 crrr'". 
Analysis: calc for C22H26O9 O.27 TFA: 58.19% 0. 5.69% H. Found: 58.15% C. 5.98% H. 





Kiuy iji cu ly ■ ^.u-uii ■ icu lyl-•♦-^o-^^.o,!^.o-lelra-^J-ace^ylJ- 
2.6-dimefhyl-4-<3-a-0-mannopyranosyloxymethytphe- 
(300 MHz. DMSO-de): 7.29-7.55 (oomp. 6H)..4.5a4.76 
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(comp, 7H), 4.40 (s, 1H>. 3.40-3.65 (oomp. 7H), 2.30 (s, 6H) ppm. IR (KBr) : 3397, 2924, 1752, 1710. 1477, 1443, 
1203. 1135, 1066 cfn-\ Analysis: calc for C23H28O9-0.3 TFA: 58.73% C. 5.91% H. Found: 58.66% C. 6.22% H. 

EXAMPLE 26 

5 

3-(3-a-D-mannopyranosyloxybenzyl)phenoxyacetic add 

[0189] Part A: 3-Bromophenol (9.0 g, 52.0 mM) was dissolved in DMF (105 ml) in a 250 ml flask. Sodium hydride 
(2.3 g. 57.2 mM, 60% dispersion in mineral oil) was added and stirred under nitrogen for an tiour. Ethyl bromoacetate 

<o (6.35 ml, 57.2 mM) was added, and stirred at mom temperature ovemight. Water (800 ml) was added slowly with 
stirring in an ice bath. Precipitate formed was filtered which provided 11.9 g (88%) of ethyl 3-bromophenoxyacetate. 
[0190] Part B: Ethyl 3-bromophenoxyacetate (1 .7 g. 6.6 mM). bis (triphenylphosphine) palladium (II) chloride (0.09g. 
0.13 mM). potassium phosphate, tribasic (4.2 g. 19.7 mM) and DME (30ml) were degassed under nitrogen in a 100 
ml flask fitted with a reflux condenser. 3-Hydroxymethyl benzene boronic acid (0.8 g. 5.3 mM) in DME (1 ml) was added 

15 and the mixture was heated at SO'C ovemight, then mixed with brine (20 ml), and extracted with ethyl acetate (3 x 20 
ml). The organic materials were combined, dried (MgS04). then concentrated under reduced pressure. The residue 
was purified by flash chromatography (SiOz, 10:1/ hexane : ethyl acetate) which gave 0.28 g (19%) ethyl of ethyl 

3- (3-hydroxymethytphenyl) phenoxyacetate. 

[0191] Part C: Operating as in Part C in EXAMPLE 1 , but employing ethyl 3-(3-hydroxymethyl phenyl) phenoxyacetate 
20 gave ethyl 3-(3-<2,3.4,6-tetra-0-aoetyl)-a-D-mannopyranosyl-oxybenzyl)phenoxyacetate in 45% yield. 

(01921 Part D: Operating as in Part D in EXAMPLE 1. but employing ethyl 3-(3-(2.3.4.6-tetra-0-acetyl)-o-D-man- 
nopyranosyloxybenzyl)phenoxyaoetate gave ethyl 3-(3-a-0-manno-pyranosyloxybenzyl)phenoxyacetic acid in 35% 
yield, mjp. 73-75°C. NMR (300 MHz. OMSO-de): 6.90-7.60 (oomp, 8H), 4.72 (oomp. 4H). 4.51 (d. 1H). 3.50-3.66 
(comp, 10H plus water) ppm. IR (KBr): 3431. 2931. 1738. 1608. 1423. 1210. 1066 anr''. Analysis: calc for 
25 C2iH24Og-0.25 TFA: 57.52% C, 5.44% H. Found: 57.29% C, 5.58% H. 

EXAMPLE 27 

4- (3-a-D-mannopyranosyloxybenzyl)phenoxyacetic acid 

30 

[0193] Part A: Operating as in Part A in EXAMPLE 26. but employing 4-bromophenol gave ethyl 4-bromophenoxy 

acetate in 100% yield. 

[0194] Part B: Operating as in Part B in EXAMPLE 26, but emploing ethyl 4-bromophenoxyacetate gave ethyl 4-(3-hy- 

droxymethyl phenyl)phenoxyacetate in 26% yield. 
35 [0195] Part C: Operating as in Part C in EXAMPLE 21. but employing 4-(3-hydroxymethyl phenyl) phenoxyethyl 

acetate gave 4-(3-(2.3,4,6-tetra-0-acetyl)-a-D-mannopyranosyloxybenzyl) phenoxyaoetic acid in 33% yield. 

[0196] Part D: Operating as in Part D in EXAMPLE 21 , but employing 4-(3-(2,3,4,6^etra-0^cetyl)-a-D-mannopyran- 

osyloxybenzyt)phenoxyapetic acid gave 4-(3-a-D-manno-pyranosyloxybenzyl)phenoxyaoetic add in 57% yield, m.p. 

83-85»C. NMR (300 MHz, DMSO-de): 6.98-7.60 (comp. 8H). 4.46-4.77 (oomp. 8H). 3.37-4.2 (oomp. 7H). IR (KBr): 
40 3424,2931. 1738, 1608, 1512. 1936. 1224. 1073 onr^. 

Analysis: calc for C21H24O9 O.2 TFA: 57.99% C. 5.50% H. Found: 57.98% C. 5.72% H. 

EXAMPLE 28 

45 3-(3-a-D-mannopvranosvloxyben2yl)benzoicadd 

[0197] Part A: 3-HydFoxymethyl benzene boronic add (2.0 g. 13.2 mM). 3-bronrabenzoic add (2.1 g. 10.5 mM), 
potassium phosphate, tribasic (8.3 g, 39.5 mM), DMF (26 ml) and water (20 ml) were degassed under nitrogen in a 
100 ml flask fitted with a reflux condenser. Bis (triphenylphosphine)palladium (II) chloride (0.18 g. 0.26 mM) was added. 

50 The mixture was degassed under nitrogen, and heated at 90°C overnight, then addified with 2N HCI. mixed with brine 
(1 5 ml), and extracted with methylene chloride (3x15 ml). The organic materials were combined, dried (MgS04), then 
concentrated under reduced pressure which gave 1 .57 g (52%) of 3-(3-hydroxymethyl phenyl)benzoic add. 
[0198] Part B: Operating as in Part C in EXAMPLE 21 . but employing 3-(3-hydroxymethyl phenyl) benzoic add gave 
3-(3-(2.3.4,6-tetra-0-acetyl)-a-D-mannopyranosyloxyt>enzyl) benzoic acid in 53% yield. Part C: Operating as in Part 

55 D in EXAMPLE 21. but employing 3-(3-(2,3.4.6-tetra-0-acetyl)-«-D-mannopyranosyloxybenzyl)benzoic acid gave 
3-(3-«-D-mannopyranosyl-oxybenzyl)benzoic add in 29% yield, m.p. 90-91°C. NMR (300 MHz. OMSO-dg): 
7.38-8.18 (comp. 6H). 4.72-4.77 (comp. 2H). 4.51 -4.55 (d, 1H). 3.40-3.71 (comp. 10H plus water) ppm. IR (KBr): 3424, 
2931, 1704, 1409. 1244, 1128. 1059 cm-1. Analysis: calc for C2oH2208 0-24 TFA: 58.88% C. 5.37% H. Found: 58.85% 
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3-(2-a-D-Ma nnopyranosvloxy-S-niethylphenv»ben2oxyaceticacid 

£0199] Part A: 2-Bromo^methylphenol (2.60 ml, 21 .51 mmol) was dissolved in anhydrous diethyl ether (20 ml) and 
the solution was cooled to -78»C. A solution of n-butylllthium in hexane (19.0 ml. 47.5 mmol) was added slowly and 
the reaction was stimed for 10 minutes at -78°C. then for 1 hour at room temperature. The flask was cooled to 0°C 
then tnmethyl borate (2.44 ml. 10.73 mmol) was added, followed by anhydrous THF (10 ml). The reaction was stirred 
at room temperature for 2 hours, then quenched carefully with water. The aqueous layer was acidified and stirring was 
continued for 30 minutes. The mixture was extracted with ether and the organic phase was wash^ with saturated 
sodium chlonde solution, then dried with magnesium sulfate and concentrated under reduced pressure The resulting 
brown residue was tnturated with hexane and filtered to yield 2-liydroxy-5-methylbenzeneboronic acid (1 35q 8 9 
mmol, 41%) as a white solid. 

l?o«°' JIT ^' 2-Hydroxy-5-methylbenzeneboronic acid (1.17g, 7.70 mmol) and ethyl 3-bromophenoxyacetate 
(1 .99g. 7.68 mmol) were dissolved in dimethoxyethane (30 ml). The solution was degassed thoroughly, then (30 ml) 
The solution was degassed thoroughly, then a catalytic amount of bis(triphenylphosphine) palladium(ll) chloride was 
added. The reaction mixture was again degassed and then refluxed ovemight under nitrogen. Ethyl acetate and dilute 
HCI were added and the organic phase was washed with water then saturated sodium chloride solution, and dried with 
magnesium sulfate then concentrated in vacuo. The resulting residue was chromatographed on silica gel (31 hexane- 
™!l«.f ^1"*^^!° ^^^^ 3-(2-hydroxy-5-methylphenyl) phenoxyacetate (1 .25g, 4.37 mmol, 57%) as a yellow oil ' 
. L 3-(2-hydroxy-5-methyIphenyl)benzoxyaoetate (0.30g, 1.05 mmol) and a-D-mannose pentaac- 

J^^^ ^. t^: ^■''5„'™"°'> dissolved in anhydrous 1 .2^ichlQroethane (4ml). Boron trifluoride diethyl etherate 
(0.52ml. 4.21 mmol) was added and the mixture was stirred at room temperature ovemight. The reaction was quenched 
carefu ly with water, then extracted with dichloromethane. The organic phase was dried with sodium sulfate and con- 
r? '^^"^"^ """"^ ^ ^"'^ ^"'"'alography (2:1 hexanerethyl acetate) to yield ethyl 
3-(2-(2.3,4,6-tetraacetyl-a-D-mannopyranosyloxy) -4^nethylphenyl)phenoxyacetate (0.40g, 0.65 mmol 62%) as a 
coloness glass. 

nlTLy °H 5-.(2-(2.34.6-tetraacetyl^-D-mannopyranosyloxy)^-methylphenyl)phenoxyacetate (0.39g, 

0. 63 mmol) was dissolved in methanol (3 ml), and 2 N sodium hydroxide solution (1.70 ml) was added The reacfion 
was stirred for 30 minutes, then the solution was acidified with 1 IM hydrochloric acid, concentrated in vacuo and 
rnicrofiltered. The product was isolated by preparative reverse^jhase HPLC on a Dynamax 300A 5 micron C,. column 
(21 X 250 mm). A gradient of AO-70% solvent B was nin over 20 minutes at a flow rate of 10 ml/min. where solvent B 
was composed of 95% acetonitrile/0.1% TFA and solvent A was composed of 5% acetonitrile/0.1% TFA The effluent 
was monitored at 254 nm, and pure fractions were combined and lyophilized to give 173.3 mg (60%) of 3-(2-a-D- 
mannopyranosyloxy^-methylphenyl)phenoxyacetic acid as a white solid. m.p.: 83-84'C. NMR (drDMSO)- d 7 31 (t 
1H. J = 8.0), 7.21 (d. 1H,J = 8.1). 7.10 (m.3H),6.95(s,1H), 6.87 (d,2H,J = 8.1). 5.22 (s 1H) ?70 (s 2H) 3 66 (s 

]nl\l^W<.1ni ^ V V.^J"': ^ "-^^ 3">- e®^)^ 2931. 1731.' 1215. IliV.'loi; 

1011 cm 1. MS (CI): miz = 259. Analysis: calc. for. C2iH2409-1/4 CF3C02H. 57.5% C, 5.4 % H; found: 57.7 % C. 5.5 

Claims 

1 . A compound having the formula: 
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wherein X is selected from the group consisting of -(CH2)nCH3. -CN, -(CH2)n C02 H, -0(CH2)m C02 H. -{CH2) 
nCOZ, (CH2)nZ, -CHC02H(CH2)mC02H. -(CH2)n 0(CH2)m C02 H. -CONH(CH2)m C02 H, -CH(0Z)(C02 
H). -CH(Z)(C02 H), -(CH2)n S03 H. -<CH2)n P03 D1 D2, -NH(CH2)m C02 H. -CONH(CHR6)C02 H, (1-H- 
tetrazolyl-5-straight or branched chain C1-C12 allcyl-), and -OH; 

R1 and R2 are independently selected from the group consisting of hydrogen, straight or branched chain C1 -C12 
alkyi . halogen, -(CH2)n C02 H, -OZ, -N02, -NH2, -NHZ; 

R3 is selected from the group consisting of hydrogen, halogen, straight or branched chain CI -CI 2 alkyl-OZ and 
-NHZ; 

R4 is selected from the group consisting of hydrogen, halogen, straight or branched chain C1-C12 alkyI, hydroxy!, 
hydroxyl-O-sulfate and — OZ; 

R5 is selected from the group consisting of hydroxyl, -CN, -N3, -NH2, ~NHNH2, -NE1 E2. -NHE1, -NHCO 
(CH2)n C02 H, -S(CH2)m C02 H and -NHCHNHNH2 ; and 

R6 is selected from the group consisting of hydrogen, straight or branched chain C1-C12 alkyl. optionally substi- 
tuted aryl-(straight or branched chain C1-C12 alkyl) by groups selected from straight or branched chain 01-012 
alkyt, (straight or branched chain C1-C12 alkyl)-oxy, straight or branched chain C1-C12 alkyl cartxixycllc acid or 
mannose groups; hydroxy-(stralght or branched chain C1-C12 alkyl), RxRyN- (straight or branched chain C1-C12 
alkyl), straight or branched chain C1-012 alkyl caftioxyllc acid and RKRyNOO-(straight or branched chain 01-012 
alkyl), Rx and Ry are Independently selected from the group consisting of hydrogen, straight or branched chain 
C1-C12 alkyl, or aryl which Is optionally substituted by groups selected from straight or branched chain 01-012 
alkyl, (straight or branched chain C1-012 alkyl)-oxy, straight or branched chain C1-C12 alkyl carboxydic add or 
mannose groups; 

wherein n is 0 to 6, m is 1 to 6, p is 0 to 6, b Is 0 to 2, Z is straight or branched chain C1-C12 alkyl, optionally 
substituted aryl by groups selected from straight or branched chain 01-012 alkyl, (straight or branched chain 
C1-C12 alkyl)-oxy, straight or branched chain C1-C12 alkyl cartioxyclic acid or mannose groups; optionally sub- 
stituted ary1-(straight or branched chain 01-C12 alkyl) by groups selected from straight or branched chain 01-012 
alkyl, (straight or branched chain 01-C12 alkyl)-oxy, straight or branched chain C1-C12 alkyf carlsoxydic add or 
mannose groups; 

D1 and D2 are independently hydrogen or straight or branched chain C1-C12 alkyl. 

El Is straight or branched chain C1-012 alkyl or -(0H2)a C02 H wheroin a is 1 to 18. and 

E2 Is straight or branched chain C1-C12 alkyl, and the pharmaceutically acceptable salts, esters, and amides and 

prodnjgs thereof. 

The compound of daim 1 wherein X is -CH2 C02 H; R1 , R2 and R3 are hydrogen; R4 is -OH; R5 is -SCH2 C02 
H; n and p are 1 ; b is 0; and the mannopyranoside moiety is attached to the R3 containing phenyl ring in the ortho 
position. 

The compound of daim 1 wherein X is -CH2 002 H; R1 , R2 and R3 are hydrogen; R4 is -OH; R5 is -N3 ; n and 
p are 1 ; b Is 0; and the mannopyranoside moiety Is attached to the R3 containing phenyl ring in the ortho positton. 
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4. The compound of daim 1 wherein X is -CH2 C02 H; R1 , R2 and R3 are hydrogen. R4 and R5 are -OH; n, p and 
b are 1; and the mannopyranoside moiety is attached to the R3 containing phenyl ring in the meta posifion. 

5. The compound of claim 1 wherein each alkyi substituent is C1-C6 alkyl. 

6. The compound of claim 1 wherein X is -CH2 C02 HCH2C02H; R1, R2 and R3 are hydrogen, R4 and R5 are -OH. 

7. A compound having the fomiula: 



wherein X is -Q, (CH2)n Q. -0(CH2)n Q. -(CH2)nO(CH2)mQ-NH(CH2)m Q; -CONH(CH2)n Q, -(CH2)n 0{CH2) 
m Q. -0(CH2)n 0(CH2)m Q, or -CONH(CHR6)Q; 

R1 and R2 are independently selected from the group consisting of hydrogen and -{CH2)nQ; 
R4 is hydroxyl or hydrogen; 

R6 is selected from ttie group consisting of hydrogen, straight or branched chain C1-C12 alkyl, optionally substi- 
tuted aryl-(straight or twanched chain C1-C12 alkyl) by groups selected from straight or branched chain C1-C12 
alkyl. (straight or branched chain C1-C12 alkyl)-oxy, straight or branched chain C1-C12 alkyl cartjoxyclic add or 
mannose groups; hydroxy-(straight or branched chain C1-C12 alkyl), R^RyN- (straight or branched chain C 1-C12 
alkyl). (straight or branched chain C1-C12 alkyl) carboxylate and R^RyNOC- (straight or branched chain C1-C12 
alkyl) , R^ and Ry are independly selected from the group consisting of hydrogen, straight or branched chain CI -C1 2 
alkyl. or aryl which is optionally subsUtufed by groups selected from straight or branched chain C1-C12 alkyl, 
(straight or branched chain C 1 -C1 2 alkyl)-oxy. straight or branched chain C1-C1 2 alkyl carboxydic add or mannose 
groups; 

Q is -C02 H. n is 0 to 6. and m is 1 to 6, and the phamnaoeuUcally acceptable salts, estere, and amides. 

8. The compound of daim 7 wherein X is -CH2 C02 H and R4 is -OH. 

9. The compound of daim 7 wherein X is -C02 H and R4 is -OH. 

10. The compound of daim 7 wherein X is -CH2 OCH2 C02 H and R4 is -OH. 

11. The compound of daim 7 wherein X is -CONHCH2 C02 H and R4 is -OH. 

12. The compound of daim 7 wherein X is -OCH2 C02 H and R4 is -OH. 

13. The compound of daim 7 wherein X is -C0NHCH(C02 H)(CH2 C6 H5) and R4 Is -OH. 

14. The compound of daim 7 wherein X is -CO)MHCH(c62 H)(CH2 CH2 C02 H) and R4 is -OH. 

15. The compound of daim 7 wherein X is -C02 U and R4 is -OH. 
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16. The compound of claim 7 wherein X is -(CH2)2 S03 H and R4 is -OH. 

17. The compound of claim 7 wherein X is -CONHCH2 CH2 C02 H and R4 is -OH. 
5 18. The compound of formula IV: 



10 



15 




wherein X is selected from the group consisting of -(CH2)nCH3, -CN.-(CH2)n C02 H, -0(CH2)m C02 H. -(CH2) 
nCOZ. (CH2)nZ. -CHC02H(CH2)mC02H, -(CH2)n 0{CH2)m C02 H, -CONH(CH2)m C02H. -CH(0Z)(C02H). 
-CH(Z)(C02H). -(CH2)n S03H, -(CH2)n P03 D1 D2. -NH(CH2)m C02 H, -CONH(CHR6)C02 H, (1-H-tetra- 

26 zolyl-5-stralght or branched chain C1-C12 alkyt-), and -OH; 

wherein W is hydrogen, straight or branched chain C1-C12 alkyt or alpha-D-mannosyl and Y is selected from H/ 
H, oxygen. H/hydrox H/NH2, H/NHE1, H/NE1E2. NH, NE1, oximeand 0-. straight or branched chain C1-C12 all<yl 
oxime, and the pharmaceutically acceptable salts, esters, and amides and prodrugs thereof, 
wherein n is 0 to 6, m is 1 to 6, p is 0 to 6, b is 0 to 2, 

30 z Is straight or branched chain C1-C 1 2 alkyi, optionally substituted aryl by groups selected from straight or branched 

chain C1-C12 alkyI, (straight or branched chain Cn-Cl2 alkyi)-oxy, straight or branched chain C1-C12 alkyI car- 
boxydic acid or mannose groups: optionally substituted aryl-(straight or branched chain C1-C12 alkyI) by groups 
selected from straight or branched chain C1-C12 alkyI, (straight or branched chain C1-C12 alkyl)-oxy, straight or 
branched chain C1-C12 alkyI carboxyclic add or mannose groups; 

35 D1 and D2 are independently hydrogen or straight or branched chain C1-C12 alkyI, 

E1 is straight or branched chain C1-C12 alkyI or -(CH2)8 C02 H. and 

E2 is straight or branched chain C1-C12 alkyl. and the pharmaceutically acceptable salts, esters, and amides 
thereof, 

each R1 and R2 are independently selected from the group consisting of hydrogen, straight or branched chain 
40 C1-C12 aikyi, halogen. -OZ, -N02. ~<CH2)n C02 H. -NH2, -NHZ; 

R3 is selected from the group consisting of hydrogen, halogen, straight or branched chain CI -CI 2 alkyl-OZ and 
-NHZ; 

R4 is selected from the group consisting of hydrogen, halogen, straight or branched chain C1-C12 alkyl, hydroxyl, 
hydroxyl-O-sulfate and -OZ; 

45 R5 is selected from the group consisting of hydroxyl. -CN. -N3. -NH2, -NHNH2, -NE1 E2, -NHE1. -NHCO 

(CH2)n C02 H, -S(CH2)m C02 H and -NHCHNHNH2; 

R6 is selected from the group consisting of hydrogen, straight or branched chain C1-C12 alkyl, optionally substi- 
tuted aryl-(straight or branched chain C1-C12 alkyl) by groups selected from straight or branched chain C1-C12 
alkyl, (straight or branched chain C1-C12 alkyl)-oxy, straight or branched chain C1-C12 alkyl cart>oxyclic acid or 
50 mannose groups; hydroxy-(straight or branched chain C1-C12 alkyl), R^ Ry N-(straight or branched chain C1-C12 

alkyl), (straight or branched chain C1-C12 alkyl) carboxylicacid and RxRyNOC-{straight or branched chain C1-C12 
alkyl) 

R^and Ry are independently selected from the group consisting of hydrogen, straight or branched chain G1-C12 
alkyl, or aryl which is optionally substituted by groups selected from straight or branched chain C1-C12 alkyl. 
55 (straight or branched chain 0 1 -C12 alkyl)-oxy. straight or branched chain 01 -01 2 alkyl cartxixydic add or mannose 

groups; 



19. The compound of daim 18 wherein X is -CH2 C02 H; R1. R2 and R3 are hydrogen. R4 and RS are -OH; each 
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b is 0; and p is 1 . 

20. The compound of claim 19 wherein W is alpha-D-mannosyl and Y is H/H. 

21 . The compound of daim 1 9 wherein W is methyl and Y is oxygen. 

22. Use of at least one compound according to claim I for manufacturing a medicament for treating or preventna 
diseases characterized by the binding of E-. P-seiectin and/or L^lectin to sialyl-Lewis x or siafyl-LwTa p^ 
sented on a cell surface through the inhibition of such binding. ■ 

I^i!! °^ one compound according to claim 7 for manufacturing a medicament tor treating or preventing 

d^eases characterized by the binding of E-. P-selecfin and/or L-selectin to sialyl-Lewis x or siafyl-Le^s a pS 
sentedonacellsurfacethroughtheinhibitionof such binding. o a 

24. Use of at least one compound according to claim 18 for manufacturing a medicament for treating or preventina 
sentd^ *-"C«erize<. by the binding of E-. P-selectin and/or L-se.ectin to sialyl-Lewis x or sial^-LewH pre 
sented on a cell surface through the inhibition of such binding. » a pre 

^nsLratf ^ *° clairn 22 for manufa(*iring a medicament for treating any of the diseases selected from the group 
^ul tni^J f '"fl«"^t°'y disease, psoriasis, rt^umatoid arthritis, reperiusion injury tha^ 

Slip? ? "^^"^ ^ transplants, traumatic shock, multi^an Slure. autoimmune 

diseases, asthma, inflammatory bowel disease. Chron's disease. ARDA and cancer. 

consistng of septic shock, chronic inflammatory disease, psoriasis, rtieumatoid arthritis, reperfusion iniurv that 
occurs following heart attacks, strokes and organ transplants, traumatic shock. multiWan TaTurau^SmmLne 
diseases, asthma, inflammatory bowel disease. Chron's disease. ARDA and cancer. 

consisting of septic shock, chronic inflammatory disease, psoriasis, rtieumatoid arthritis, reperfusion iniurv that 
occurs following heart attacks, strokes and organ transplants, traumatic shock. multi^rga^S^. a jSmmune 
diseases, asthma, inflammatory bowel disease. Chron's disease. ARDA and cancer. ainoimmune 

28. A phamnaoeutically active composition comprising a compound of daim 1 and a pharmaceutically acceptable car- 

29. A pharmaceutically active composition comprising a compound of daim 7 and a pharmaceutically acceptable car- 
^' composition comprising a compound of daim 18 and a phamiaoeutically acceptable 
Patentansprilche 

1 . Eine Vert)indung mit der Formel: 
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worin X gewahit ist aus der Gruppe bestehend aus -(CH2)„CH3, -CN, -(CH2)n C02 H. -0(CH2)m C02 H. -(CH2) 
nCOZ, (CH2)n2, -CHCO2H(CH2)mC02H, -(CH2)n 0{CH2)m C02 H, -CONH(CH2)m C02 H, -CH(0Z)(C02 
H), -CH(Z)(C02 H). -(CH2)n S03 H, -(CH2)n P03 D1 D2, -NH(CH2)m C02 H, -CONH(CHR6)C02 H, (1-H-Te- 
trazolyl-5-gerade- oder veizweitkettiges C1-C12 Alkyl ); und —OH; 

R1 und R2 sind unabhangig gewahit aus der Gmppe bestehend aus Wasserstoff, gerade-oder verzweigtkettigem 
C1-C12 Alkyl, Halogen, -(CH2)n C02 H, -02. -N02. -NH2, -NHZ; 

R3 ist gewahit aus der Gruppe tiestehend aus WasserstofF. Halogen, gerade- oder verzweigtkettigem G1-C12 
Alkyl-OZund-NHZ; 

R4 ist gewahit aus der Gruppe bestehend aus Wasserstoff, Halogen, gerade- oder verzweigtkettigem C1-C12 
Alkyl, Hydroxyl, Hydroxyl-O-suIfat und -OZ; 

R5 Ist gewahit aus der Gruppe bestehend aus Hydroxyl. -CN, -N3, -NH2, -NHNH2. -NE1 E2, -NHE1, -NHCO 
(CH2)n C02 H, -S(CH2)m C02 H und -NHCHNHNH2: und 

R6 ist gewahit aus der Gruppe bestehend aus Wasserstoff, geradeoder verzweigtkettigem 01-012 Alkyl, wahl- 
welse substltuiertem Aryt-(gerade- oder verzweigtkettiges C1-C12 Alkyl) durch Gruppen gewahit aus gerade- oder 
verzweigtkettigem 01-C12 Alkyl, (gerade- oder verzweigtkettigem C1-012 Alkyl)-oxy, gerade- oder verzweigtket- 
tigem C1-C12 AlkylcartionsauFe oder Mannosegruppen; Hydroxy-(gerade- oder verzweigtkettigem C1-012 Alkyl), 
RxRyN-(gerade- oder verzweigtkettigem C1-C12 Alkyl), geradeoder verzweigtkettiger C1-012 Alkylcariaonsaure 
und RxRyNOOgerade- oder verzweigtkett^em C1-C12 Alkyl). 

Rx und Ry sind unabhangig gewahit aus der Gruppe bestehend aus Wasserstoff, gerade- oder verzweigtkettigem 
01-012 Alkyl, Oder Aryl, das wahlweise substituiert ist durch Gruppen gewahit aus gerade- oder verzweigtkettigem 
01-012 Alkyl, (gerade- Oder verzweigtkettigem C1-C12 Alkyl)-oxy, gerade- Oder verzweigtkettiger C1-C12 Alkyl- 
cartonsaure oder Mannosegruppen; 
worin n 0 bis 6 ist, m ist 1 bis 6, p ist 0 bis 6, b ist 0 bis 2; 

Z ist gerade- oder verzweigtkettiges C1-C12 Alkyl, wahlweise substituiertes Aryl durch Gruppen gewahit aus ge- 
rade- Oder verzweigtkettigem C1-C12 Alkyl. (gerade- oder verzweigtkettigem C1-C12 Alkyl)-oxy. gerade- oder 
verzweigtkettigter AlkylcartxinsauFe oder Mannosegruppen; wahlweise substituiertes Aryl-(gerade- oder ver- 
zweigtkettiges C1-C12 Alkyl) dUFCh Gruppen gewahit aus geiBde- oder verzweigtkettigem C1-C12 Alkyl, (gerade- 
oder verzweigtkettigem C1-C12 Alkyl)-oxy, gerade- oder verzweigtkettiger C1-C12 Alkylcarbonsaure oder Man- 
nosegruppen; 

D1 und D2 sind unabhangig Wasserstoff oder gerade- oder verzweigtkettiges C1-C12 Alkyl. 

El ist gerade- oder verzweigtkettiges C1-C12 Alkyl oder -(CH2)a C02 H worin a 1 bis 18 ist, und 

E2 ist gerade- oder verzweigtkettiges 01-012 Alkyl, und die pharmazeutisch vertragiichen Saize, Ester und Amide 

und Prodrugs davon. 

Die Vertiindung von Anspmch 1. worin X -0H2 C02 H ist. R1, R2 und R3 sind Wasserstoff; R4 ist -OH; R5 ist 
-S0H2 C02 H; n und p sind 1 ; b ist 0; und der Mannopyranosidteil ist gebunden an den R3 enthaltenden Phenylring 
in der Orthoposition. 
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3. Die Verbindung von Anspruch 1 , worin X -CH2 C02 H ist; R1, R2 und R3 sind Wasserstoff, R4 ist -OH; R5 ist 
-NR; n und p sind 1 ; b istO; und der Mannopyranosidteil ist gebunden an den R3 enthaltenden Phenylring in der 
Orthoposltion. 

4. Die Verbindung von Anspruch 1 . worin X -CH2 C02 H ist. R1 , R2 und R3 sind Wasserstoff, R4 und R5 sind -OH; 
n, p und b sind 1 ; und der Mannopyranosidteil ist gebunden an dem R3 enthaltenden Phenylring in der Metaposition. 

5. Die Verbindung von Anspruch 1 , vrorin jeder Alkylsubstituent C1 -C6 AlkyI ist. 

6. Die Verbindung von Anspruch 1. worin X -CH2 C02 HCH2C02H ist; R1, R2 und R3 sind Wasserstoff. R4 und 

R5 sind -OH. 

7. Eine Verbindung mit der Formel: 




worin X -Q, (CH2)n Q. -0(CH2)n Q. -(CH2)nO(CH2)mQ-NH(CH2)m Q; -CONH(CH2)n Q, -{CH2)n 0(CH2)m 
Q. -0(CH2)n 0(CH2)m Q Oder -CONH(CHR6)Q ist; 

R1 und R2 sind unabhangig gewahit aus der Gruppe bestehend aus Wasserstoff und -(CH2)nQ; 
R4 ist Hydroxyl Oder Wasserstoff; 

R6 ist gewahit aus der Gruppe bestehend aus Wasserstoff, geradeoder verzweigtkettigem C1-C12 AlkyI, wahl- 
weise substituiertem Aryl-(gerade- Oder verzweigtkettigtem C1-C12 AlkyI) durch Gruppen gewahit aus gerade- 
oder verzweigtkettigtem C1-C12 AlkyI. (gerade- Oder verzweigtkettigem C1-C12 AlkyI. (geradeoder verzweigtket- 
tigem C1-C12 Alkyl)-oxy, gerade- Oder verzweigtkettiger C1-C12 Alkylcarbonsaure Oder Mannosegmppen; Hy- 
droxy-<gerade- Oder veizweigtkettiges CI -C12 AlkyI), RxRyN (gerade- oder verzweigtkettiges CI -CI 2 AlkyI), (ge- 
rade- Oder verzwelgtkettiges C1-C12 AlkyI) carboxylat und RxRyNOC-(geradeoder verzweigtkettigem C1-C1 2 Al- 
kyI). Rx und Ry sind unabhangig gewahit aus der Gruppe bestehend aus Wasserstoff, gerade- oder verzweigtket- 
tigem C1-C12 AlkyI. Oder Aryl. das wahlweise substituiert ist durch Gruppen gewahit aus gerade- oder verzweigt- 
kettigem C1-C12 AlkyI. (gerade- oder verzweigtkettigem C1-C12 Alkyl)-oxy, gerade- oder verzweigtkettiger 
C1-C12 Alkylcarbonsaure oder Mannosegmppen; Q ist -C02 H, n ist 0 bis 6 und m ist 1 bis 6 und die pharma- 
zeutisch vertraglichen Saize, Ester und Amide. 

8. Die Verbindung von Anspruch 7. worin X -CH2 C02 H ist und R4 ist -OH. 

9. Die Verbindung von Anspruch 7. worin X -C02 H ist und R4 ist -OH. 

10. Die Verbindung von Anspruch 7. worin X -CH2 OCH2 C02 H ist und R4 ist -OH. 

11. Die Verbindung von Anspnjch 7. worin X -CONHCH2 C02 H ist und R4 ist -OH. 
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12. Die Verbindung von Anspruch 7, worin X -OCH2 C02 H ist und R4 ist -OH. 

13. Die Veibindung von Anspruch 7. vrarin X -C0NHCH(C02 H)(CH2 C6 H5) ist und R4 ist -OH. 

14. Die Verbindung von Anspruch 7, worin X -C0NHCH(C02 H)(CH2 CH2 C02 H) ist und R4 ist -OH. 

15. Die Verbindung von Anspruch 7, worin X -C02 Li ist und R4 ist -OH. 

16. Die Veibindung von Anspmch 7. worin X -(CH2)2 S03 H ist und R4 ist -OH. 

17. Die Verbindung von Anspmch 7. worin X -CONHCH2 CH2 C02 H ist und R4 ist -OH. 

18. Die Veibindung von FormeliV: 



worin X gewahit ist aus der Gruppe bestehend aus -(CH2)nCH3. -CN,-(CH2)n C02. -0(CH2)m C02 H, -(CH2) 
nCOZ. (CH2)nZ. -CHC02H{CH2)mC02H, -(CH2)n 0(CR2)m CO H. -CONH(CH2)m C02H, -CH(0Z)(C02H), 
-CH{Z)(C02H), -(CH2)n S03H, -(CH2)n P03 D1 02, -NH(CH2)m C02 H, ~CONH(CHR6)C02 H. (1-H-Tetra- 
zolyt-S-gerade- oder verzweigtlcettiges C1-C1 2 Alkyl-), und -OH; worin W WasserstofT ist, gerade- Oder verzweigt- 
Itettiges C1-C12 All<yl oderalpha-D-Mannosyl und Y ist gewahit aus H/H, Sauerstoff, H/Hydroxyl. H/NH2. H/NHE1 . 
H/NE1 E2, NH, NE 1 , Oxim und O-geiade- Oder verzweigtkettiges CI -CI 2 Alkyloxim, und die pharmazeutisoh ver- 
trSiglichen Saize, Ester und Amide und Prodrugs davon, 
worin n 0 bis 6 ist. in ist 1 bis 6, p ist 0 bis 6, b ist 0 bis 2, 

Z ist gerade- Oder veizweigtkettiges C1-C12 Allsyl, wahlweise substituiertes Aiyl durch Gmppen gewShlt aus ge- 
rade- Oder verzweigtkettlgem C1-C1 2 Alltyl, (gerade- Oder veizweigtkettiges 01 -C1 2 Alkyl)-oxy, gerade- oder ver- 
zweigtkettige C1-C12 Alkytcaibonsaure oder Mannosegruppen; wahlweise substituiertes Aryl-(gerade- oder ver- 
zweigtkettiges C1-C12 Alkyl) durch Gruppen gewahit aus gerade- oder verzwelgtkettigem C1-C12 Alkyl. (gerade- 
oder verzweigtkettigem C1-C12 Alkyl)-oxy. gerade- oder verzwelgtkettiger C1-C12 Alkylcarbonsaure oder Man- 
nosegruppen; 

D1 und D2 sind unabhangig WasserstofT oder gerade- oder veizweigtkettiges C1-C12 Alkyl, 
E1 ist gerade- oder verzweigtkettiges C1-C12 Alkyl oder -(CH2)8 C02 H. und 

E2 ist gerade- Oder verzweigtkettiges CI -CI 2 Alkyl. und die pharmazeutisoh vertraglichen SaIze, Ester und Amide 
davon, jedes R1 und R2 ist unabhangig gewahit aus der Gruppe bestehend aus WasserstofT. gerade- Oder ver- 
zweigtkettigtem C1-C12 Alkyl, WasserstofT, -OZ. -N02, -(CH2)n C02 H, -NH2, -NHZ; 
R3 ist gewahit aus der Gmppe bestehend aus WasserstofT, Halogen, gerade- oder verzweigtkettigem CI -CI 2 
Alkyl-OZ und -NHZ; 

R4 ist gewahit aus der Gaippe bestehend aus WasserstofT. Halogen, gerade- oder verzweigtkettigem C1-C12 
Alkyl. Hydroxyl, Hydroxyt-O-sulTat und -OZ; 

R5 ist gewahit aus der Gnippe bestehend aus Hydroxyl, -CN, -N3, -NH2. -NHNH2, -NE1 E2, -NHE1 -NHCO 
(CH2)n C02 H. -S(CH2)m C02 H und -NHCHNHNH2: 

R6 ist gewahit aus der Gmppe bestehend aus WasserstofT. geradeoder verzweigtkettigem C1-C12 Alkyl, wahl- 
weise substituiertem Aryl-(gerade- oder verzweigtkettigem C1-C12 Alkyl) durch Gruppen gewahit aus gerade- 
oder veizeigtkettigem C1-C12 Alkyl, (geradeoder verzweigtkettigtem C1-C12 Alkyl)-oxy, gerade- oder veizweig- 
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kettigter C1-C12 Alkylcaibonsaure und Mannosegruppen; 

Hydroxy-(gerade- Oder verzwe igtkettigtem C 1 -C 1 2 AlkyI), RxRyN-(gerade- Oder verzweigtkettigtem C 1 -C 1 2 AlkyI ) , 
(geradeoder verzweigtkettigter CI -CI 2 Alkyl)cafbonsaure und RxRyNOCgerade-oder verzweigtkettigtem CI -CI 2 
AlkyI); 

Rx und Ry sind unabtiangig gewahit aus der Goippe bestehend aus Wasserstoff, gerade- Oder verzweigtkettigem 
C 1 -C1 2 AlkyI Oder Aryl, das wahlwelse substituiert ist durch Gruppen gewahit aus gerade- Oder verzweigtkettigem 
C1-C12- AlkyI), (gerade- Oder verzweigtkettigem C1-C12 AIkyl)-oxy. gerade- Oder verzweigtkettiger C1-C12 Al- 
kylcarbonsaure Oder Mannosegruppen: 

19. Die Verbindung von Anspruch 18. worin X -CH2 C02 H ist; R1, R2 und R3 sind Wasserstoff. R4 und R5 sind 
~OH. jedes b Ist 0; und p ist 1 . 

20. Die Verbindung von Ansprucfi 19, worin W alpha-D-Mannosyl ist und Y ist H/H. 

21. Die Verbindung von Anspruch 19, worin W Methyl ist und Y Ist Saueretoff. 

22. Veiwendung von mindestens einer Verbindung gemaB Anspruch 1 zur Herstellung eines Medikaments zum Be- 
handeln oder Verhlndem von Krankheiten, gekennzeichnet durch die Bindung von E-. P-Selectin und/oder L-Sel- 
ectin an Sialyl-Lewis x oder Sialyl-Lewis a. die auf einer Zelloberfldche prasentiert werden, durch die Inhibition 
einer solchen Bindung. 

23. Verwendung von mindestens einer Verbindung gemaO Anspruch 7 zur Herstellung eines Medikaments zum Be- 
handeln oder Verhlndem von Krankheiten, gekennzeichnet durch die Bindung von E-, P-Selectln und/oder L-Sel- 
ectln an Sialyl-Lewis x oder-Sialyl-Lewis a. die auf einer Zelloberflache prasentiert wenlen. durch die Inhibition 
einer solchen Bindung. 

24. Verwendung von mindestens einer Verbindung gemaQ Anspruch 18 zur Herstellung eines Medikaments zum Be- 
handeln oder Verhlndem von Krankheiten, gekennzeichnet durch die Bindung von E-. P-SelecUn und/oder L-Sel- 
ectin an Sialyl-Lewis x oder Sialyl-Lewis a, die auf einer Zelloberflache prasentiert werden. durch die Inhibition 
einer solchen Bindung. 

25. Veiwendung gemafi Anspruch 22 zur Herstellung eines Medikaments zur Behandlung irgendeiner der Krankhei- 
ten, die gewahit sind aus der Gruppe bestehend aus septischem Schock, chronischer Entziindungserkrankung, 
Schuppenflechte, Rheumatoider Arthritis, Reperfusionsverletzung, die als Folge von Herzattacken voritommt. 
Stroke und Organtransplantationen, traumatischem Schock. multi-Organstdrung, Autoimmunkrankheiten, Asth- 
ma, entziindlicher Darmertcrankung. Morbus Crohn. ARDA und Krebs. 

26. Venvendung gemaft Anspruch 23 zur Herstellung eines Medikaments zur Behandlung irgendeiner der Krankheiten 
gewahit aus der Gruppe bestehend aus septischem Schock. chronischer Entziindungserkrankung, Schuppen- 
flechte. Rheumatoider Arthritis. Reperfiisionsverietzung, die als Folge von Herzattacken vori<ommt. Stroke und 
Organtransplantationen, traumatischem Schock. multi-Organstdrung, Autoimmunkrankheiten, Asthma, entzund- 
licher Darmericrankung, Morbus Crohn, ARDA und Krebs. 

27. Verwendung gemali Anspruch 24 zur Herstellung eines Medikaments zur Behandlung irgendeiner der Krankheiten 
gevirahit aus der Gruppe bestehend aus septischem Schock, chronischer Entzundungserkrankung, Schuppen- 
flechte, Rheumatoider Arthritis, Reperfusionsverietzung. die als Folge von Herzattacken voritommt. Stroke und 
Organtransplantationen, traumatischem Schock. multi-Organstoning, Autoimmunkrankheiten, Asthma, entzund- 
licher Darmerkrankung, Morbus Crohn, ARDA und Krebs. 

28. Eine pharmazeutisch wirksame Zusammensetzung, die eine Verbindung von /Vnspruch 1 und einen pharmazeu- 
tisch vertraglichen Trager umfaliL 

29. Eine pharmazeutisch wiri<same Zusammensetzung. die eine Verbindung von Anspruch 7 und einen pharmazeu- 
tisch vertraglichen Trager umfa&L 

30. Eine pharmazeutisch wirksame Zusammensetzung, die eine Verbindung von Anspruch 18 und einen pharmazeu- 
tisch vertraglichen Trager umfallL 
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Revendications 

1. Compose ayant la formule 




:(CH2)pRs 



dans laquelle X est choisi dans Tensemble comprenant -(CH)nCH3. -CN, -(CHz^COoH. -0(CH,)„CO,H 
-CHC02H(CH2)„C02H. -(CH2)„0(CH2)„C02H. -CONHCCHj^CO^H. -CH(oi KCOaH): 
-CH(Z){C02H). -{CH2)„S03H, -(CH2)„P03DiD2. -NH(CH2)„C02H. -CONH{CHR6)C02H. (1-H-tetra2olyl^-(grou- 
pe allqrie en a Ci2 ^ chame droite ou ramifiee), et -OH : 

Ri et R2 sent chacun independamment de I'autre choisis dans rensemble comprenant rtiydrogfene. les grou- 
pes alkyle en 0^ a C12 a chame droite ou ramifiee, les groupes halogdno, -(CH2>nC02H. -OZ. -NO2, -NH2. -NHZ • 

R3 est choisi dans {'ensemble comprenant Chydrogene. les groupes hatog6no. les groupes (alkyle en C, i 
C12 a chame droite ou ramifee)-OZ, et -NHZ ; 

R4 est choisi dans I'ensemble comprenant I'hydrogene. les groupes halogeno, alkyle en C, a a chame 
droite ou ramifiee, hydroxyle, hydroxyl-O-sulfate et -OZ ; 

Rg est choisi dans I'ensembte comprenant les groupes hydroxyle, -CN, -N,, -NH,. -NHNH,, -NE,E, -NHEh 
-NHCO(CH2)„C02H.S(CH2)„C02Het-NHCHNHNH2;et 2. , 2. '^»^^ 

Re est choisi dans I'ensemble comprenant I'hydrogfene. les groupes alkyle en C^ d 0,2 d ohaTne droite ou 
ramifi6e, les groupes aryl(alkyle en C, 6 C,2 ^ chaTne droite ou ramifiee) 6ventuellement substitu^s par des groupes 
choisis parnii les groupes alkyle en C, h C,2 d chame droite ou ramifi6e, (alkyle en Ci d 0,2 h chame droite ou 
ramifiee)-oxy. acide (alkyle en C, a C,2 a chame droite ou ramifiee)carboxylique. ou mannose ; hydroxy(alkyle en 
Ci a G12 a chaine droite ou ramifiee), R«RyN-(alkyle en C, d 0,2 a chame droite ou ramifiee). acide(alkyle en C. 
d C12 a chafne droite ou ramifi6e)carboxylique et R«RyNOC-(alkyle en C, § C,2 6 chaTne droite ou ramifige), 

et Ry sont choisis independamment Tun de I'autre dans I'ensemble comprenant I'hydrogene les groupes 
alkyle en C, a C^g chaine droite ou ramifiee ou aryle, qui sont 6ventuellement substitues par des groupes choisis 
pamii les groupes alkyle en Ci a C,2 & chaTne draite ou ramifiee, (alkyle en C, d C,2 ^ chaTne droite ou ramifiee)- 
oxy, acide (alkyle en Ci a C12 & chaTne droite ou ramifiee)carboxylique ou mannose ; 

ou n vaut de 0 a 6, m vaut de 1 S 6. p vaut deX) d 6, b vaut de 0 d 2; 

Z est un groupe alkyle en Ci h C12 d chaTne droite ou ramifi6e. aryle 6ventuellement substitud par des 
groupes choisis parmi les groupes alkyle en Ci a 0,2 a chaTne droite ou ramifiee (alkyle en Ci d C12 & chaTne 
droite ou ramifiee)oxy. acide (alkyle en C, a C12 a chaTne droite ou ramifiee)cartooxylique ou mannose aryl(alkyle 
en Ci a Ci 2 a chaTne droite ou ramifiee) eventuellement substitu6 par des groupes choisis parmi les groupes alkyle 
en Ci a C12 a chaTne droite ou ramifiee, (alkyle en Ci i, C12 a chaTne droite ou ramifiee)oxy. adde (alkyle en d 
a C12 a chaTne droite ou raminee)cartx>xylique ou mannose ; 

Di et D2 sont chacun independamment de I'autre un atome d'hydrogene ou un groupe alkyle en C. d C d 
ChaTne droite ou ramifiee, ^ " 

El est un groupe alkyle en Ci d C12 d chaTne droite ou ramifide, ou ■{CH2)JCOM, oil a vaut de 1 d 18 et 

Ej est un groupe alkyle en Ci a C12 d chaTne droite ou ramifi6e. 

et ses sels, esters, amides et prodrogues aoceptables d'un point de vue pharmaceutique. 
Compose selon la revendication 1 . dans lequel X est -CH2CO2H ; R^ . R2 et R3 sont des atomes d'hydrogene : R4 
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est -OH ; Rg est -SCH2CO2H ; n et p valent 1 ; b vaut 0 ; et le fragment mannopyrannoside est fixe en position 
ortho au noyau phenyle contenant R3. 

3. Compose selon la revendication 1 , dans lequel X est -CH2CO2H : R, . R2 et R3 sont des atomes d'hydrogdne ; R4 
est -OH ; R5 est -N3 ; n et p valent 1 ; b vaut 0 ; et le fragment mannopyrannoside est fiK6 en position ortho au 
noyau phenyle contenant R3. 

4. Compose salon la revendication 1 . dans lequel X est -CH2CO2H ; R, , Rj et R3 sont des atomes d'hydrogene ; R4 
et Rg sont -OH ; n, p et b valent 1 ; et le fragment mannopyrannoside est fixe en position meta au noyau phenyle 
contenant R3. 

5. Compose selon la revendication 1 , dans lequel chaque substituant alkyle est un groupe alkyle en C, a Cg. 

6. Compose selon la revendication 1. dans lequel X est -CH2GO2HCH2-CO2H : R,. Rj et R3 sont des atomes d'hy- 
drogene, R4 et F?5 sont -OH. 

7. Compose ayant la formule : 




CH2OH 



dans laquelle X est -Q. (CH2)„Q, -0(CH2)„Q. -(CH2)„0(CH2)^Q. -NH(CH2)^Q. -CONHCCHjkQ. -(CH,)„0 
(CH2)„Q. -0(CH2)n0(CH2)^Q ou -CONH(CHR6)Q ; 

R, et R2 sont chacun independamment de I'autre cholsis dans I'ensemble comprenant I'atome d'fiydrogdne 
et-(CH2)„Q; 

R4 est un groupe hydroxyle ou un atome d'hydrogene ; 

Rg est choisi dans I'ensemble comprenant I'hydrogdne, les groupes alkyle en G, d 0,2 & chame droite ou 
ramifiee, les groupes aryl(alkyleen C, d 0,2 & chaine droite ou ramifiee) eventuellement substitues par des groupes 
choisis parmi les groupes alkyle en C, d & chaTne droite ou ramifiee. (alkyle en C^ d 0,2 a chaTne draite ou 
ramlfiee)-oxy. adde (alkyle en C, a 0,2 a chaTne droite ou ramifiee)carboxylique, ou mannose ; hydroxy(alkyle en 
Ci d 0,2 a ChaTne droite ou ramifiee), RxRyN-(alkyle en C, a C,2 a chaTne droite ou ramifi6e). acide(alkyle en 0^ 
d C12 d ChaTne droite ou ramifi6e)cartooxylique et R^RyNOC-(alkyIe en C, d C,2 A chaTne draite ou ramifiee), 

Rx et Ry sont choisis independamment I'un de I'autre dans Tensemble comprenant I'hydrogdne, les groupes 
alkyle en C, a C12 a chaTne droite ou ramifiee ou aryle. qui sont dventuellement substitues par des groupes choisis 
parmi les groupes alkyle en C, a C12 a chaTne droite ou ramifiee, (alkyle en C, 6 C^g d chaTne droite ou ramifiee)- 
oxy, acide (alkyle en C, a C-,2 d chaTne droite ou ramifide)cartx>xylique ou mannose ; 

Q est -COjH. n vaut de 0 d 6 et m vaut de 1 d 6. et ses sels, esters et amides acceptables d'un point de vue 
pharmaceutique. 

8. Compose selon la revendteation 7, dans lequel X est -CH2CO2H et R4 est -OH. 

9. Compose selon la revendfeation 7. dans lequel X est -CO2H et R4 est -OH. 

10. Compose selon la revendication 7, dans lequel X est -CH2OCH2CO2H et R4 est -OH . 
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11. Compose selon la revendlcarian 7. dans lequel X est -CONHCHj-COaH et R4 est -OH. 

12. Compose selon la revendicatlon 7, dans lequel X est -OCH2CO2H et R4 est -OH. 

13. Compos6 selon la revendicatlon 7, dans lequel X est -CONHCH-CCOzHXCHzCeHg) et R4 est -OH. 

14. Compose selon la revendicatlon. 7. dans lequel X est -CONHCH-(C02H)(CH2CH2C02H) et R4 est -OH. 

15. Compose selon la revendicarion 7. dans lequel X est -CO2U et R4 est -OH. 

16. Compose seton la revendlcation 7. dans lequel X est -(CH2)2S03H et R4 est -OH. 

17. Compose selon la revendicatlon 7, dans lequel X est -CONHCH2-CH2CO2H et R4 est -OH. 

18. Compose de formule iV: 




dans laquelle X est choisi dans rensemble comprenant -(CH)nCH3, -CN, -(CH2)nCO,H. -0(CH,)„CO,H 
-(CH2)„COZ. (CH2)„Z. -CHC02H(CH2UC02H, -(CH2)„0(CH2)„C02H. -C0NH(CH2)^C02H, -CH(0^rC02H)' 
-CH(Z)(C02H). -(CH2)„S03H. -(CH2)„P03DiD2. -NH(CH2)mC02H, -C0NH(CHR6)C02H, (1-H-tetrazolyl-5-(grou- 
pe alkyle en Ct 6 C,2 6 ctiame droite ou ramifige), et -OH ; 

oii W est un atome tfhydrogfene. un groupe alkyle en C, d 0,2 a chaTne droite ou ramifiSe ou alpha-D- 
mannosyle. et Y est choisi pamii H/H. foxygfene. H/hydroxyle. NINHg. H/NHE,, H/NE,E2. NH, NE,. les oximes et 
les 0-(a!kyle en C^ ^ C12 & ohafne droite ou ramlfiee)oximes. et ses sels, esteis et amides et prodrogues accep- 
tables d'un point de vue pharmaceutique, 

ou n vaut de 0 a 6. m vaut de 1 d 6. p vaut de 0 d 6. b vaut de 0 d 2, 

Z est un groupe allyle en C, d C12 ^ chaTne droite ou ramifiee, aryle eventuellement substitue par des groupes 
choisis parnii les groupes alkyle en C^ d 0^2 S chaTne droite ou ramifi6e (alkyle en C, & 0,2 6 chaTne droite ou 
ramlfi6e)oxy. acide (alkyle en C^ a 0,2 d chaTne droite ou famifiee)cartx)xylique ou mannose. aryl(alkyte en C, d 
C12 a ChaTne droite ou ramifi6e) eventuellement substitu6 par des groupes choisis parmi les groupes alkyle en d 
d C,2 a ChaTne droite ou ramifiee, (alkyle en C^ d 0,2 6 chaTne droite ou ramifi6e)oxy, adde (alkyle en C. d C,, a 
ChaTne droite ou ramifiee)carboxylique ou mannose ; 

D, et D2 sont chacun ind6pendamment de I'autre un atome d'hydrogSne ou un groupe alkyle en C^ d C12 ^ 
chaTne droite ou ramifiee, 

est un groupe alkyle en C^ a C,2 a chaTne droite ou ramifi^ ou -(CH2)eC02H. et 

E2 est un groupe alkyle en C, S C,2 a chaTne droite ou ramifide, et ses sels, esters et amides acceptables 
d'un point de vue pharmaceutique, 

chacun des radicaux et R2 est choisi ind6pendamment de I'autre dans I'ensemble comprenant I'hydro- 
g6ne, les groupes alkyle en C, d C,2 a chaTne droite ou ramifiee, halogeno, -OZ, -NOg, -(CH2)nC02H, -NH2, -NH2 ; 

R3 est choisi dans I'ensemble comprenant rhydrogene. les groupes halog6no, les groupes (allyle en C, k 
C^2 ^ ChaTne droite ou famifi6e)-OZ, et -NHZ ; 

R4 est choisi dans I'ensemble comprenant I'hydroggne, les groupes halogeno, alkyle en C, a C,, & chaTne 
droite ou ramifige, hydroxyle. hydraxyl-O-sulfate et -OZ ; 

Rg est choisi dans Pensemble comprenant les groupes hydroxyle, -CN. -N3. -NH2, -NHNHj. -NEiEj. -NHE,, 
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-NHCO(CH2)nC02H. -S(CH2)mC02H et -NHCHNHNH2 ; 

Rg est choisi dans I'ensemble cximprenant I'hydrogene, les groupes alkyle en k C,2 a chame droite ou 
ramifiee. les groupes aryl (alkyle en Ci d C 1 2 6 chaTne droite ou ramifiee) 6ventuellement substitu6s par des groupes 
choisis parmi les groupes alkyle en a C^j a chafne droite ou ramifiee. (alkyle en C, a 0,2 a chaine droite ou 
ramifiee)-oxy, acide (alkyle en C, a 0,2 ^ chame droite ou ramifiee)carboxylique, ou mannose ; hydroxy(alkyle en 
Ci a C12 a ChaTne droite ou ramifiee), (^{^-(alkyte en C, a C^g a chame droite ou ramifiee), acide(alkyle en 
^ C12 a chame droite ou ramifi6e)cartMJxylique et R,RyNOC-(alkyle en C, a C,2 ^ chame droite ou ramifiee). 

et Ry sont choisis indSpendamment I'un de I'autre dans I'ensemble comprenant I'hydrog&ne, les groupes 
alkyte en d 0^2 ^ chaTne droite ou ramifi6e ou aryle, qui sont 6ventuellement substitues par des groupes choisis 
pamii les groupes alkyle en C, S 0,3 S chame droite ou ramifiee. (alkyle en a C^j a chame droite ou ramifiee)- 
oxy, acide (alkyle en d C^g *i chame droite ou ramifiee)carboxylique ou mannose. 

19. Compose selon la revendication 18. dans lequel X est -CH2CO2H ; R,. R2 et R3 sont des atomes d'hydrogene. 
R4 et R5 sont -OH ; chaque b vaut 0 : et p vaut 1 . 

20. Compose selon la revendication 19, dans lequel W est le groupe alpha-O-mannosyle, et V est H/H. 

21 . Compose selon la revendication 1 9, dans Lequel W est le m^thyle et Y est I'oxyg^ne. 

22. Utilisation d-au moins un compos6 selon la revendication 1 pour fabriquer un medicament destine au traitement 
ou d la prevention de maladies caracterisdes par la liaison de la selectine-E, P et/ou L au sialyl-Lewis x ou au 
sialyl-Lewis a prSsente sur une surface cellulaire, par I'intemiediaire de I'inhibition de cette liaison. 

23. Utilisation d'au moins un compose selon la revendication 7 pour fabriquer un medicament destine au traitement 
ou d la prevention de maladies caracterisees par la liaison de la selecBve-E, P et/ou L au sialyl-Lewis x ou au 
sialyl-Lewis a presente sur une surface cellulaire. par fintennediaire de I'inhibition de cette liaison. 

24. Utilisation d'au moins un compose selon la revendication 18 pour fabriquer un medicament destine au traitement 
ou k la prevention de maladies caracterisees par la liaison de la seiective-E, P et/ou L au sialyl-Lewis x ou au 
sialyl-Lewis a presente sur une surface cellulaire. par I'intemiediaire de I'inhibition de cette liaison. 

25. Utilisation selon la revendication 22 pour fabriquer un medicament destine au traitement de I'une quelconque des 
maladies choisies dans I'ensemble comprenant le choc septi'que. la maladie inflammatoire chronique. le psoriasis, 
la polyarthrite rhumatoi'de, la lesion par reperfiision qui apparatt apres des attaques cardiaques, des accidents 
vasculaires cerebraux et des transplantations d'organes, le choc traumatique, I'insuffisance multiple, les maladies 
auto-immunes, I'asthme, les ententes, la maladie de Crohn, le SDRA et le cancer. 

26. Utilisation selon la revendication 23 pour fabriquer un medicament destine au traitement de I'une quelconque des 
maladies choisies dans I'ensemble comprenant le choc septique, la maladie inflammatoire chronique, le psoriasis, 
la polyarthrite rhumatoi'de, la lesion par reperfusion qui apparatt apres des attaques cardiaques, des accidents 
vasculaires cerebraux et des tiansplantations d'organes, le choc traumatique, I'insuffisance multiple, les maladies 
autoH'mmunes, I'asthme. les ententes, la maladie de Crohn, le SORA et le cancer. 

27. Utilisation selon la revendication 24 pour fabriquer un medicament destirie au traitement de I'une quelconque des 
maladies choisies dans I'ensemble comprenant le choc septique. la maladie inflammatoire chronique, le psoriasis, 
la polyarthrite rhumatoi'de. la l6sion par reperfusion qui apparatt apr^s des attaques cardiaques, des accidents 
vasculaires cerebraux et des tiansplantations d'organes. le choc traumatique, I'insuffisance multiple, les maladies 
auto-immunes, I'asthme, les ententes, la maladie de Crohrf, le SDRA et le cancer 

28. Composition pharmaoeutiquement active comprenant un compose selon la revendication 1 et un excipient accep- 
table d'un point de vue pharmaceutique. 

29. Composition pharmaoeutiquement active comprenant un compose selon la revendication 7 et un excipient accep- 
table d'un point de vue pharmaceutique. 

30. Composition pharmaoeutiquement active comprenant un compose selon la revendication 18 et un exdpient ac- 
ceptable d'un point de vue pharmaceutique. 
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